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INTRODUCTION 
The confrontation between insect pests and man continues 
despite many advances in pest management and control. Insects 
affect man’s health and welfare in many ways and their capac¬ 
ity to adapt to changing conditions makes them one of the most 
successful groups of living organisms. 
The use of chemicals to repel and control insects dates 
from antiquity. Today, despite deficiencies, the use of in¬ 
secticides provides the most effective means of limiting 
pests. Approximately lj.00 basic pesticide chemicals are 
registered in the United States and many more are being for¬ 
mulated as the search for better chemical control agents con¬ 
tinues. In the past 25 years, indiscriminate use of pesti¬ 
cides and the long-lived residual action of chlorinated 
hydrocarbons have led to the use of more effective, short¬ 
lived organophosphates and carbamates. These do not upset 
the ecosystem as much as they are rapidly eliminated from the 
environment. 
Rabon^ is a new organo-phosphate insecticide which is 
relatively non-hazardous to domestic animals, fish and wild¬ 
life and is highly toxic to many insect pests. It has been 
^2-Chloro-l-(2,4,5-trichlorophenyl) vinyl dimethyl 
phosphate Shell Chemical Company. 
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used as an animal systemic and gave excellent control of 
ectoparasites and of dipterous insect pests in manure. 
Poultry constitutes the second largest agricultural 
industry in Massachusetts. The potential value of oral 
feeding of insecticides to poultry for control of ecto¬ 
parasites and insect pests in manure is now well estab¬ 
lished. The encapsulation of a toxic material with an 
inert carrier in the form of extremely small capsules 
greatly enhances its safety as a systemic insecticide, as 
this would reduce the possibility of residues as compared 
with a non-encapsulated formulation. 
In previous experiments insecticides were administered 
to poultry by force-feeding of the toxicant directly or in 
large gelatine capsules or in solution with water. These 
methods were time consuming and did not seem practical on 
a large scale. When encapsulated formulations were produced, 
minute capsules of the insecticide could be mixed directly 
with the feed. 
All pesticide usages must conform to residue tolerances 
set up by the Food and Drug Administration and the U.S. 
Department of Agriculture. In the present study, three 
formulations of encapsulated Rabon were fed at different 
levels to four groups of laying hens and the effects on 
general appearance, behavior, egg production, body weight 
and consumption of feed and water were recorded. Toxicity 
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gtudies were carried out and residues of Habon in edible 
tissues, egg yolks and manure were determined. An existing 
analytical procedure was modified for the detection of Rabon 
in poultry manure so that the amount of Rabon excreted in 
the manure could be detected. 
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PROPERTIES OF RABON 
Rabon*^ or 2-Chloro-l-(2,4»5-trichlorophenyl) vinyl 
dimethyl phosphate has high toxicity to insects and is rela¬ 
tively safe for laboratory animals (Whetstone et al. 1966). 
Structural formula: 
Empirical formula: C^qH^O^CI^P 
Physical and Chemical properties: 
Technical Rabon is a tan-brown solid with a melting 
point of 93-98°C and a molecular weight of 365*98. 
Solubility: 
Solvent 
Chloroform 
Methylene chloride 
Acetone 
Xylene 
Water (21*.°C) 
% by weight at 0°C 
i^O 
40 
20 
8 
15 
Stability: 
Thermal: Decomposed slowly at 250°(DTA): 
■^Also known as Gardona (Shell SD-8447) • 
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Hydrolytic half-life: 37 hours at pH 9.1 
7200 hours at pH 1.1 
Sunlamp: 75$ recovery after l\. hours by bioassay at 
pH 1.1 
Toxicity to Mammals: 
Acute LD^q for white rats is l;000-5000 mg./kg. 
Acute de?mal LDgo for rabbits is 5000 mg./kg. 
Synthesis of Rabon: 
Cl 
(CH,0), P +| 
i 
Cl 
C - CHC1-»(CH,0)o 
fl 3 2 
0 
1 
Cl 
P - 0-C as C +CH.C1 
I k 3 
Cl 
Whetstone et al. (1966) prepared Rabon with chloride in 
the 2 and 1; positions of the benzene ring of the ketone inter¬ 
mediate, the reaction being highly selective for the B-isomer, 
presumably because of steric reasons. They prepared the 
intermediate acetophenones using the Friedel-Crafts ketone 
synthesis. Dichloroacetyl chloride 88g. (0.60 mole) was 
added to a stirred slurry of 88 g. of 0.66 mole of anhydrous, 
purified aluminium chloride in 109 g. (0.60 mole) of 1,2,1; 
trichlorobenzene. The mixture was heated at 90°C and held 
at this temperature for four hours; then cooled and poured 
into a mixture of ice plus a few milliliters of hydrochloric 
acid. The product was extracted with ether, thoroughly 
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washed, dried and distilled to give 134 g. * or a 77$ yield of 
2,2,254*>5’ pentachloroacetophenone, b.p. 103-105°C. 
Rabon was then prepared by the addition of 23 g.(0.49 
mole) of trimethyl phosphate to 50 g. (0.17) mole of pentachloro¬ 
acetophenone at 30-50°C in 30 minutes. The mixture was then 
heated at 110°C for 30 minutes, cooled, and poured carefully 
into 100 ml. of ether. After cooling in ice, the solid was 
filtered and washed in pentane to give 49 g., or a 79$ 
yield of white solid 2-chloro-l-(2,4>5-trichlorophenyl) 
vinyl dimethyl phosphate. P^2 labelled Rabon made in a 
similar way, using trimethyl phosphite, which after chromato¬ 
graphic purification was more than 98$ pure radiochemically, 
and had a specific activity of 2 me. / 2mm. 
Selective Toxicity of Rabon 
Whetstone et al. (1966) concluded that for an insecti- 
r 
cidal phosphate to be toxic to both insects and mammals, it 
must move from the locus of application to the cholinesterase- 
active sites in sufficient amount to inhibit the enzyme below 
the activity level necessary to sustain life. Using labels 
to study the activity in rats, they found that only detoxica¬ 
tion occurs. Generally metabolism can result in either 
activation or detoxication, and the differences in 
cholinesterase of insects and mammals, or any other factor 
involved in its movement, can result in selective toxicity. 
O’Brien (I960) stated that: "selectivity by absorption 
7 
differences offers little hope for the development of low- 
hazard insecticides.” This selective metabolism is the 
critical factor for safety to mammals, which may be the 
result of two properties of insecticidal phosphates. The 
first is that they are unselective between insect and 
mammalian cholinesterases. Second, neutral phosphate esters 
have good solubility and partitioning qualities, so that 
penetration and transport within both insects and mammals 
occurs readily. However, Whetstone et al. (1966) suggest 
that Rabon has poor solubility, penetration and transport, 
and that these are the most critical factors in its safety 
to mammals. 
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REVIEW OF LITERATURE 
The selective toxicity of Rabon to mammals and insects 
makes it a. safe and effective insecticide and therefore it 
has been widely tested for control of insect pests. A gen¬ 
eral evaluation of its performance is necessary before dis¬ 
cussing the analytical procedure and residue studies. 
1. Use on Poultry 
Kraemer (1959) studied the efficacy of several in¬ 
secticides against poultry ectoparasites and concluded that 
an ideal insecticide would have four criteria for the control 
of poultry pests: a) it must be safely applicable to the 
birds, b) it must not impair the production of meat and 
eggs, c) it must not leave residues in edible tissues and 
meat and d) it must combine insecticidal and acaricidal 
action. 
Although sprays are generally used, oral administration 
of a pesticide mixed with food and water can provide excel¬ 
lent control of insect pests in manure. Many insecticides 
have been tested for larvicidal action in poultry manure. 
The major work has been carried out by Burns et al. (1959); 
Dorough and Arthur (1961); Eversole et al. (1965a, 1965b); 
Loomis et al. (1968); Sherman and Komatsu (1963, 1965); 
Sherman and Ross (1959» 1960a, 19o0b, 1961a); Sherman et al. 
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(1962, 1967)J and Simco and Lancaster (1966). 
Hoffman and Hogan (1967) applied 5$ Rabon dust to litter 
at the rate of 50 g. per square meter for control of three 
species of poultry lice; the chicken body louse, Menacanthus 
stramineus (Nitsch), the shaft louse, Menopon gallinae (L.) 
and the wing louse, Lipeurus caponis (L.). Rabon dust con¬ 
trolled 91 out of a total of 93 chicken lice, and no lice 
were recorded after ll| days of treatment. It gave better 
control than 5$ Ronnel granules, 2$ Bromophos granules or 
2$ dimetilan dust. 
Ivey et al. (1969) extended the work of Hoffman and 
Hogan (1967) by infesting 10 White Leghorns with the chicken 
body louse, M. stramineus (Nitsch), and 10 other birds with 
the northern fowl mite, Ornithonyssus sylviarum (Canestrini 
and Fanzago). A dosage of 1+50 g. of a 3$ Rabon dust was 
used for one group and i|5 g. of 75$ W.P. was used for the 
second group. Effective control of the lice was reported, 
and only very low residues of Rabon were detected in skin, 
body fat, egg yolk and egg white. 
Nelson et al. (1969) used Rabon separately as a 3$ 
dust, 0.25$ and 0.5$ W.P. suspensions, a 0.5$ emulsion, and 
also in combination with 0.01, 0.025 and 0.05$ dichlorvos, 
for control of the northern fowl mite, _0. sylviarum (Canestrini 
and Fanzago). Rabon 0.5$ plus 0.05$ dichlorvos emulsion and 
the 0.025$ W.P.. suspension of Rabon proved to be very effec¬ 
tive, as was the 3$ Rabon dust. The 0.025$ W.P. suspension 
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and the 0.25$ Rabon plus 0.025$ dichlorvos emulsion combina¬ 
tion, were less effective after three weeks. Over-doses of 
the different formulations showed no toxic symptoms in the 
birds, and egg production and feed consumption was not 
affected. 
Furman and Lee (1969) reported that a 0.5$ aqueous 
suspension spray of Rabon applied at the rate of 1 gallon 
per 100 birds also gave good control of the Northern fowl 
mite, 0_. sylviarum. 
Brady and LaBrecque (1966) applied a suspension of 
Rabon wettable powder to nine-square-meter plots of poultry 
manure at the rate of 1 g. of insecticide in 0.8 liter of 
water/m^. Repeated seeding prior, during and after treat¬ 
ment with Musca domestica (L.) larvae gave 99$-100$ reduction 
one day after treatment, and 7-100$ reduction 3~4- days 
' v 
after treatment. 
Sherman et al. (1967) tested manure from chickens fed 
[j_00 ppm. of Rabon and reported 99$ mortality to M. domestica 
(L.), 50$ mortality to Fannia pusio (Weidmann), [j.9$ mortality 
to Chrysomya megacephala (F.) and 59$ mortality to 
Parasarcophaga argyrostoma (Robineau-Desvoidy). Seven other 
dosages were tested ranging from 0.1 ppm. to 800 ppm. Direct 
addition of Rabon to the manure at 10 ppm. gave mortalities 
of 100$ for M. domestica, 86$ for F_. pusio, 83$ for 
£. megacephala and 75$ for ]?. argyrostoma. 
Bailey et al. (1968) applied Rabon to poultry droppings 
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p 
at the rate of 2 g./m . Populations of the house fly, Muse a 
domestica (L.), were'reduced 99.6, 92.0, 81p.2 and l\.7.9 per 
cent, one, two, three and four days, respectively, after 
termination of treatment. 
Dennis (1969) used manure from Rabon-fed hens for 
bioassay with the little house fly, Fannia canicularis (L.). 
Dosages varied from 225 ppm. to 375 ppm., and five levels 
of Rabon were administered to the birds in mash for a 
13-day treatment period. A mortality of 95-100^ was recorded 
for larvae treated at 375 ppm. At the lowest dosage 
(225 ppm.), over 80% control was recorded. No adverse 
effect of insecticide treatment was reported, and growth, 
egg production and other activities were normal. 
2. Use on Cattle 
a) Against Ectoparasites: 
Drummond et al. (1967) sprayed 0• 1+5 Per cent Rabon at 
the rate of 2.5 gallons per head of cattle infested with 
larvae of the screw worm, Cochliomyia hominovorax (Coauerell), 
and 100 per cent control of one and two-day-old larvae was 
reported. 
Drummond (1967) tested 35 compounds as systemic in¬ 
secticides for control of the cattle grub, Hypoderma spp. 
Rabon was administered in feed, as an oil pour-on treatment 
8nd as a 0.5 per cent spray of 75 per cent W.P. (Il5mg./kg.). 
Of these, a 16 per cent solution of Rabon in oil (lOOmg./kg.) 
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used as a pour-on treatment and the 0.5 per cent spray were 
most effective giving over 90 per cent control. 
Drummond (1968) reported that 0.5 per cent Rabon 
(115 mg./kg. per spraying), previously reported as effective 
against cattle grubs, was ineffective in one or two sprays 
at 0.25 per cent (60 mg./kg. per spraying). 
Drummond et al. (1968) reported that a Rabon emulsion 
spray gave 99.99 per cent control of the cattle tick, 
Boophilus annulatus (Say), and 100 per cent control of the 
Southern cattle tick, B. microplus (Canestrini). Dipping of 
infested cattle in 0.25 per cent Rabon gave 99.9^ per cent 
control of B. annulatus and 100 per cent control of B. 
microplus. At six weeks post-treatment, chemical analysis 
detected only 0.005$ of Rabon but it still gave 9i|.05 per 
cent control of B. annulatus and 93.83 per cent control of 
B. microplus. 
Drummond et al. (1967a) tested 26 insecticides against 
the cattle ear tick, Otobius megnini (Duges) and reported 
that 25 insecticides including Rabon E.C. containing 2 lb. 
per gallon used at a concentration of 0.5 per cent killed 
off 95-100 per cent of the ticks at one week post-treatment. 
One month after treatment, Rabon still produced 66 per cent 
mortality. 
Drummond et al. (1967c) reported that Rabon applied as 
a 0.1 per cent spray gave 97-100 per cent mortality of the 
lone star tick, Amblyomma americanum (L.) one day after 
13 
treatment. 
Rogoff et al. (1968) reported Rabon as having moderate 
systemic activity against the northern cattle grub, Hypoderma 
bovis (L.) and the common cattle grub, H. lineatum (deVillers). 
Rabon was dissolved in acetone and a maximum of 60 ml. was 
used as a pour-on treatment on calves at the rate of 
30g./head. In preliminary tests 89-100 per cent control was 
reported, but only I4.I-6O per cent control was recorded later. 
No depression of whole blood-cholinesterase activity, overt 
toxicity or difference in weight gain was observed. 
b) Against dipterous pests: 
Treece (1964) fed measured dosages of Rabon and other 
insecticides mixed with grain to cattle. First instar 
larvae of the face fly, Musea autumnalis (DeGeer), were 
tested with dung from treated cattle. A daily dosage of 
0.5 mg./kg. in feed gave 100 per cent mortality during the 
first four days of treatment. 
Mathis and Schoof (1965) used Rabon for the control 
of house flies, Musca domestics (L.), in dairies. A sus¬ 
pension of 1 g./m^ gave effective fly control after one week 
and when retreated after six weeks at the rate of 2 g./m^ it 
gave excellent control for the next seven weeks. 
Brady et al. (1966) treated house flies in field tests 
with emulsions or wettable powders of Rabon and other in- 
p 
secticides. A Rabon emulsion spray at the rate of 100 mg./fo 
gave 74 to 97$ control after one day, 6 to 60$ control after 
14 
.3-4 days, and 0 to ll\.% control after 7-8 days. 
Morgan and Blume (1966) exposed immature and mature 
horn flies, Haematobia irritans (L.) to Rabon and other in¬ 
secticides for periods varying from one to six minutes. 
After 2Ij. hours, a concentration of 0.1% Rabon gave 00% 
mortality for newly emerged horn fly adults. 
Drummond et al. (1967b) tested several insecticides 
including Rabon, to determine the effectiveness against the 
house fly. Musea domestica (L.) and the horn fly Haematobia 
irritans (L.). A lOmg./kg./day dosage of Rabon was fed to 
cattle for 10 days, and effective control of both house fly 
and horn fly larvae was reported. 
LaBrecque et al. (1967) screened many contact in¬ 
secticides for the control of adult house flies, and ranked 
Rabon among the 6l compounds whose LC^ value was superior 
to that of the malathion or ronnel standards. In wind 
tunnel experiments with the susceptible Orlando strain, 
Rabon had an LC^ value of 0.06/£, as compared with 0.08% 
30 
for ronnel and 0.0$% for malathion. Against the Cradson-P 
resistant strain, the value for Rabon was 0.30%, compared 
with 1.27$ and 7.34^ for ronnel and malathion, respectively. 
Morgan (1967) used an electrochemical device for the 
control of the horn fly, Haematobia irritans (L.). This de¬ 
vice used ultra-violet light to attract flies infesting cattle 
to gauze curtains which were impregnated with a $% aqueous 
solution of Rabon. Effective control was reported, especially 
15 
at night and in early morning when two of the devices faced 
one another. 
Hansens et al. (1967) studied house fly control and the 
development of resistance for four years, using diazinon, 
ronnel and dimethoate. A 1$ treatment of Rabon applied to the 
walls of the barns gave 66.46$ kill after 15 minutes and 
59.7$ mortality after one hour. This was higher than the 
mortalities credited to ronnel, malathion or dimethoate. 
Mount et al. (1967) carried out laboratory tests with 
insecticides for control of adult and larval stable flies, 
Stomoxys calcitrans (L.), by spraying adults in a wind tunnel 
and exposing larvae in a CSMA medium. At 0.91 ppm. of Rabon 
in the larval medium, 50$ control of third instar larvae was 
noted, and a 0.021$ spray of Rabon gave similar mortality 
against adults. 
Seawright and Adkins (1968) used self-applicating 
devices which consisted of shed-protected dust bags in 24 
pastures for control of the face fly, Musca autumnalis 
(DeGeer), on beef cattle. Rabon dust (5$) gave an average 
of 73$ reduction of face flies on cattle. 
Hansens et al. (1968) reported that when Rabon was 
sprayed at the rate of 15*4 mg./cm^/min., 19.8 to 56.7$ of 
the house flies were controlled. Mathis and Schoof (1968) 
applied a 5$ suspension of Rabon at the rste of 2 g./m to 
potential resting sites of the house fly, M. domestica, for 
a test period of 0 to 14 weeks, and obtained variable control 
16 
•of house flies. 
• i 
• Wilson (1968) reported poor control of the striped horse 
fly, Tabanus lineola (F.), when exposed to a 0.125$ solution 
of Rabon for exposure periods ranging from 2 to 30 minutes. 
Rabon mixed with dairy rations at a dosage of 36 ppm. 
killed 100$ of house fly larvae in manure (Anonymous, 1968). 
Oehler et al. (1969) reported effective control of the horn 
fly, H. irritans, with 5% and 10$ sprays on dairy cows 
applied twice daily for 21 days with 1 ml. of Rabon in mist 
per cow. No residues of Rabon were detected in any milk 
samples during the test period. 
Balsbaugh et al. (1970) reported that Rabon applied by 
air at the rate of 12 oz./acre gave 8l$ reduction of the 
horn fly, H. irritans (L.), one day after treatment and 
31.3^ control one week after spraying. 
3. Use on Plant Feeding Pests 
In addition to being an excellent insecticide for use 
on livestock, Rabon has been tested against other insect 
pests. Successful control has been reported of the tobacco 
hornworm, Protoparce sexta (Johanson), by Rabb and Guthrie 
(I96I4.) and Dominick (1968); the oyster shell scale, 
Lepidosaphes ulmi (L.), by Boulanger (1965); the alfalfa 
weevil, Hypera postica (Gyllenhal), by Dorsey (1966); 
the red banded leaf roller, Argyrotaenia velutinana (Walker), 
by Cox (1966); gypsy moth larvae, Porthetria dispar (L.), 
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by Doane (1966); the case bearer, Chlamisus cribipennis 
(LeConte), by Wood (1966); the fall webworm, Hyphantria, 
cunea (Drury), by Buffam et al. (1969); the codling moth, 
Laspeyresia pomonella (L.), the red banded leaf roller, 
A_. velutinana, the apple aphis, Aphis pomi (DeGeer), the 
European red mite, Panonychus ulmi (Koch) and the two- 
spotted spider mite, Tetranychus urticae (Koch), by Asquith 
(1970). 
Habon has also been reported to be effective against a 
greenhouse pest, the tortricid leaf roller, Platynota sultana 
(Walsingham), by Ota (1969). However, it gave poor control 
of the gray garden slug, Deroceras reticulatum (Muller), and 
the gray field slug, D. laeve (Muller), as reported by Judge 
(1969). Rabon has also shown great promise as a moth proofer 
for woolen fabrics. Deposits as low as 0.001% by weight pro¬ 
tected woolen cloth against the black carpet beetle, 
Attagenus megatoma (P.) and the webbing clothes moth, 
Tineola bisselliella (Hummel),(Bry et al. 1969). 
McMiIlian et al. (1968) shov/ed that Rabon was a good 
larval arrestant-feeding stimulant for the corn ear-worm, 
Heliothis zea (Bodie), and good control of the adult moths 
using Rabon was reported by Klosternmeyer (1968). Anderson 
and Nakakihara (1968) reported good control of the corn ear- 
worm with E.C. and W.P. sprays of Rabon. Moderate toxicity 
resulted when Rabon was tested against two pests of corn, 
Spodoptera frugiperda (J.E. Smith) and the corn earworm, 
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H. zea, by Young and Bowman (1966). Harding et al. (1968) 
reported effective control of the European corn borer, 
Ostrinia nubilalis (Hubner). 
Against stored grain pests Rabon gave excellent results, 
especially for the red flour beetle, Tribolium castaneum 
(Herbst) and the confused flour beetle, T_. confusum 
(Jacquelin duVal), (Strong and Sbur, 1965, 1968 and Strong, 
1970). Rabon was very effective in limiting vegetable 
pests, including the Mexican bean beetle, Epilachna vari- 
vestis (Mulsant); the potato leafhopper, Empoasca fabae 
(Harris); the tarnished plant bug, Lygus lineolaris (Palisot 
de Beauvois) and the four lined plant bug, Poecilocapsus 
lineatus (F. ) when used as a. spray at the rate of 0.5 lb./acre 
(Judge et al. 1970). 
Anderson and Atkins (1966) applied Rabon as a spray at 
the rate of 16 oz. actual in 5 gallons of water per acre 
from a W.P. formulation, and found that there was a high 
mortality of bees, and also there was a marked reduction in 
field visitations, even after several days. Anderson et al. 
(1968) reported less severe losses, but 32 to 79 dead bees 
per day per colony were reported subsequent to treatment. 
However, the number of visits/minute on the !|th day post¬ 
treatment increased to level higher than before the treat¬ 
ment was administered. 
Mistric and Smith (1970) reported that Rabon applied 
at the rate of 0.5 lb./acre gave control as good as DDT for 
19 
10 days, and proved to be one of the better insecticides for 
control of the tobacco flea beetle, Epitrix hertipennis 
(Melsheimer). Kamel and Mitri (1970) and Mitri and Kamel 
(1970) reported 96$ mortality of the Egyptian cotton leaf- 
worm, Spodoptera littoralis (Boisduval), larvae on the day 
of application with 50$ Rabon W.P. applied at the rate of 
0.75kg./feddan, and 100$ control three days later. However, 
100$ hatch was observed on egg masses when applied at the 
rate of 0.5 Ib./feddan. 
Less effective control by Rabon has been reported for 
such plant pests as the green peach aphid, Myzus persicae 
(Sulz.), by Thurston (1965); two citrus rust mites, 
Phyllocoptruta oleivora (Ashmead) and Aculus pelekassi 
(Keifer), by Reed et al. (1967); the potato tuberworm, 
Phthorimea operculella (Zeller), by Shorey et al. (1967); 
the pickleworm, Diaphania nitidalis (Stoll) by Waites and 
Habeck (1968); the cabbage looper, Trichoplusia ni (Hubner) 
and the false cabbage looper, Psuedoplusia includens 
(Walker) by Chalfant (1969). Severe phytotoxicity was re¬ 
ported when 3$ Rabon was applied for tobacco flea beetle 
control on cigar tobacco (Tappan, 1965). Also poor control 
of the rice water weevil, Lissorhoptrus oryzophilus (Kuschel) 
was reported by Grigarick and Beards (1965) when Rabon was 
used as a seed treatment. 
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4* Toxicity and Residue Studies 
Acute and sub-acute studies have been carried out with 
many insecticides and chemosterilants on poultry and cattle 
sometime during the course of the registration procedure. 
Sherman et al. (1961b; 1963; 1964; 1965; 1967; 1967a; 1967b; 1968 
and 1969) investigated the acute, sub-acute and chronic 
toxicity of several chlorinated hydrocarbons and organo- 
phosphorus insecticides. The acute and sub-acute toxicities, 
as well as the reproductive performance of birds treated with 
the chemosterilant apholate, were investigated by Sherman 
and Herrick (1966) and Herrick et al. (1967). Khan et al. 
(1961) studied organophosphate poisoning in cattle, and 
Khan (1963) investigated the toxicity of apholate to cattle. 
Yadava (1969) carried out a detailed study on the tox¬ 
icity and residues of Rabon in poultry. He concluded that 
Rabon had fairly low toxicity for hens, and no inhibition of 
egg production was reported in doses less than 100 mg./kg. 
Rabon showed a high affinity for fatty tissues in the birds, 
and dosages as low as 25 rog./kg. produced detectable amounts 
of residues in body fat. However, dosages up to 200 mg./kg. 
did not leave any residues in livers or in leg and breast 
muscles. Rabon was metabolized or eliminated from body 
tissues within seven days after termination of the treatment. 
The analytical procedure described by Ivey et al. (1967) 
for detection of Zytron in poultry tissues and eggs was 
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adapted so as to give satisfactory results for the detection 
» i 
of ReLbon. 
Toxicity studies play an important role in the develop-* 
ment of an insecticide, and are a prerequisite before regis¬ 
tration can be granted. Sub-acute, acute and chronic 
toxicity studies are essential, and sometimes a three- 
generation reproductive study is carried out. 
Residue studies are necessary for all insecticides, 
especially when residues are likely to be present in food 
crops and animals. It is, therefore, necessary to establish 
residue tolerance levels in the crops and animals involved, 
even if they are non-detectable by existing analytical 
methods. This policy was instituted by the U.S. Department 
of Agriculture and the Pood and Drug Administration of the 
Department of Health, Education and Welfare in 1966, when 
the "no residue" and "zero tolerance" concept was changed 
in favor of finite tolerances at negligible levels. 
To obtain a tolerance or exemption from a tolerance 
for a pesticide, a petition or exemption has to be submitted 
to the IJSDA and the FDA, and this petition usually contains: 
1) The name, chemical identity and composition of the 
pesticide chemical. 
2) The amount, frequency and time of application of the 
pesticide. 
3) Full reports of investigations made in regard to 
safety, and detailed data derived from animal and biological 
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experiments. 
k) Results of tests on the level of residue retained 
and a description of the analytical method used. 
5) Adequate methodology for removal of residue which 
exceeds the proposed tolerance. 
6) Proposed tolerances for the pesticide. 
7) Reasonable ground for support of the petition. 
After safety and tolerance or exemption is established 
by the FDA, the USDA registers the pesticide. Registrations 
are subject to renewal every five years. 
5* Analytical Detection of Pesticide Residues 
Gunther (1962; 1966) reviewed the major advances in 
the analyses of'insecticide residues, and listed the more 
important techniques required for determination of these 
residues. The analytical sensitivity or minimum detect¬ 
ability requirements have increased from 10 parts per 
million in 1930 to 0.1 parts per billion in 1965. Further 
studies by residue chemists to increase sensitivities will 
undoubtedly produce far more sensitive and sophisticated 
equipment. Gunther (1966) listed the techniques, their 
application and sensitivity as shown in Table 1. 
Biological measurements can be carried out by bioassay 
on living organisms or plants or on isolated organ systems 
or tissues. Biochemical studies on enzyme systems and on 
gross respiration can be of help in measurement. The methods 
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Table 1.--Techniques and their Residue Applications 
Instrumentation or 
Technique 
Application 
Precision colorimetry 
Gas-chromatography; variety 
of detectors 
Ultra-violet spectrophoto¬ 
metry 
Radiotracer scanning and 
counting 
Gamma-ray spectrophotometry 
Micropolarography (oscil¬ 
loscope) and tensammetry 
Mass spectrophotometry 
Nuclear magnetic resonance 
Hydrogen ion measurement 
Thin-layer chromatography 
Paper chromatography 
Columnar chromatography 
Countercurrent distribution 
Measurement-rarely to support 
identification; sensitive 
Segregation, measurement, poor 
for identification; sensitive 
Measurement, superior for 
comparative identification; 
sensitive 
Measurement, location in 
tissues, efficiency of recovery 
data; sensitive 
Measurement, often superior 
for identification of element 
sought; very sensitive 
Measurement, often superior 
for identification; very 
sensitive 
Measurement, identification; 
not sensitive 
Comparative identification; 
not sensitive 
Measurement; can be sensitive 
Segregation, poor for iden¬ 
tification, rapid, versatile; 
can be sensitive 
Segregation, poor for iden¬ 
tification; sensitive 
Segregation, poor for iden¬ 
tification; not sensitive 
Segregation, identification 
by *p' values; not sensitive 
Table 1.—Continued 
Instrumentation or 
Technique 
Application 
Fluorescence spectrometry Measurement, identification; 
very sensitive 
Phosphorescence spectrometry Measurement, identification; 
very sensitive 
Paper and zone electrophoresis Segregation, characterization; 
sensitive 
Titrimetry, amperometry, 
potentiometry, colorimetry 
Measurement; sensitive 
X-ray spectrometry Measurement, identification; 
sensitive 
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listed can be tailored to the specific type of analysis 
required; the utilization of the best analytical tool lies 
within the jurisdiction of the residue chemist. 
6. Analytical Procedure for Detection of Rabon 
Claborn and Ivey (1965) described a gas-chromato- 
graphic method for detecting minute quantities of Shell 
compound 4072 (2-chloro-l-(2,4-dichlorophenyl) vinyl dimethyl 
phosphate) in body tissues and milk of cattle. They reported 
that a high degree of sensitivity was achieved when the com¬ 
pound was hydrolyzed with dilute sulfuric acid to 2,2’4-tri- 
chloroacetophenone. Examination of the hydrolysis product 
by means of gas-liquid chromatography equipped with an 
electron-capture detector confirmed the above statement. 
They described the extraction and cleanup procedures for 
both Shell compound 4^72 and 2,2'4'-trichloroacetophenone, 
which could be a metabolite of the same extract. The ex¬ 
traction and cleanup was described for analysis of residues 
in milk, muscle, liver, heart, kidney, spleen and brain. 
With a range setting at 10“9ampere, 0.1 nanogram of Shell 
compound 4^72 gave a l\.% response on the recorder, while 
control samples gave no recorder response. 
Beroza and Bowman (1966) determined residues of Shell 
compound 4^72 and Shell SD-8447 (Rabon) in raw benzene 
extracts of whole sweet corn plants by electron capture and 
flame photometric detection. The hydrolytic product formed 
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by hydrolysis with sulfuric acid was 2,214’-trichloroaceto- 
phenone for Shell compound 4072, and 2,2TIpf5T-tetrachloro- 
acetophenone for Rabon. 
Ivey et al. (1967) described a method for the analysis 
of Zytron (0-2,1^-dichlorophenyl 0-methyl isopropyl phos- 
phoramidothioate) in chicken eggs and tissues by gas- 
chromatography, using an electron-capture device. This 
method of analysis was found to be satisfactory for the 
detection of residues of Rabon in tissues and eggs of 
poultry by Yadava (1969). 
Ivey et al. (1968), working with residues of Rabon in 
body tissues and milk of cattle, used the method described 
for the determination of Shell compound 4072 by Claborn and 
Ivey (1965) with the following changes: 
a) The sample size was 20 g. 
b) The refluxing time used was extended to one hour. 
c) Silicic acid was used instead of Florex for cleanup 
of wet tissues. 
They found that residues as low as 0.002 ppm. could be 
detected, and that 0.2 nanogram of 2,2!4’51-tetrachloro- 
acetophenone gave a recorder response of 22$, thereby making 
this procedure very accurate. They reported small amounts 
of residue in body fat, and traces in muscle, heart, spleen 
and brain. No detectable amount of Rabon was found in the 
liver and kidneys. All traces of Rabon were eliminated in 
21 days or less. 
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Beroza and Bowman (1968) reviewed general procedures 
for gas-chromatography of over 50 compounds, including 
Rabon, containing phosphorus or sulfur with flame photo¬ 
metric detection. They reported that flame photometric 
detection was an efficient method for detection and 
analyses of not only phosphate but carbamates as well. 
Ivey et al. (1969) described an analytical procedure 
for the detection of residues of Rabon in body tissues and 
eggs of poultry. The gas chromatographic column used was 
Pyrex glass, 6 mm x 1.22 m., filled with 80-100 mesh Q% (w/w) 
DC-200 coated Gas-Chrom Q. The operating temperatures were: 
column 210°, injector 2I4.O0 and detector 200°G. One nanogram 
of Rabon in 10 microliters of hexane gave a recorder response 
of 50$ depending on the sensitivity of the electron capture 
detector. Extraction and cleanup procedures for fat, skin, 
liver, leg and breast muscles, egg yolks and egg whites were 
described. However, hydrolysis of Rabon to 2,2 1 5'-tetra- 
chloroacetophenone with dilute sulfuric acid, using a re¬ 
fluxing time of one hour, was not carried out as suggested by 
Ivey et al. (1968). 
Recovery from "spiked" samples ranged from 77 to 99/£. 
A treatment of floor litter with Rabon for four weeks pro¬ 
duced maximum residues of 0.058 ppm. in back skin and O.OI4.8 ppm. 
in body fat of chickens. Sixty-five samples of egg white 
contained residues ranging from 0.003 to 0.022 ppm; some 
samples of egg yolk had a residue of 0.008 ppm. No residues 
» ■ 
were 'detectable in eggs and tissues two weeks after termina¬ 
tion of treatment, and no ill effects on the birds were 
reported. 
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MATERIALS AND METHODS 
1. Treatment of the Birds 
Three different formulations of encapsulated Rabon 
were tested on White Leghorns, Rhode Island red and Salmon- 
sex-link hens. All the birds were egg-laying females of 
standard breeding. The birds were randomly placed in 
standard poultry cages and individually labelled and tagged. 
The cages were placed in a room maintained at a 16-hour 
photoperiod. The treatment was administered by mixing the 
encapsulated formulation of Rabon with dry poultry mash, in 
gallon jars. These jars were then placed on a mechanical 
mixer for lj.5 minutes, so that the insecticide was uniformly 
distributed in the feed. 
Before the actual experiments were carried out, a pre¬ 
liminary test on the amount of feed required for each bird 
needed establishment. Three groups of four birds each were 
fed 100 g., 150 g. and 200 g. of mash daily and the feed 
consumption was recorded. These tests showed that l£0 g. of 
poultry mash was sufficient as a daily ration for each 
bird; 25>0 ml. of water was similarly established as a daily 
quota. 
i) Experiment I: 
In this experiment initiated on June 17? 1969, 30 White 
Leghorn hens were treated with 93^ encapsulated Rabon 
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(Wallace and Tiernan #620-169). The birds had been held 
until over 50% egg production was attained. At this time 
three dosage levels of "actual" Rabon, 100, lj.00 and 800 ppm., 
were administered with the feed. There were eight birds in 
each treatment and the remaining six birds served as controls. 
The daily feed consumption was recorded, the remainder 
of the feed was discarded, and the feed containers were re¬ 
filled with 1^0 g. of feed. The treatment period lasted 
14 days, and during this period 250 ml. of water was also 
supplied and the daily consumption was recorded. Daily 
records of body weights of the birds, egg production and 
weight of manure were maintained. The yolks were extracted 
daily from the eggs collected; each was labelled, sealed 
and frozen in a small polyethylene bag pending analysis. 
In this way every egg yolk could be traced back to its 
origin. 
The manure collected daily was weighed, stored in paper 
cartons and frozen for subsequent bioassay tests with larvae 
of the little house fly, Fannia canicularis (L.) and the 
house fly, Musca domestica (L.). The manure collected on 
the lipth day of treatment was saved for chemical analysis 
to determine the amount of Rabon excreted in manure. 
After 14 days of treatment, four birds from each treat¬ 
ment and three birds which served as controls were slaughtered. 
The body fat, liver, and leg and breast muscles were removed 
from all slaughtered birds, and labelled according to the 
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bird, treatment and date of sampling for easy identification. 
The tissues were then sealed in plastic bags and stored in a 
freezer pending chemical analyses. The remaining birds were 
slaughtered two days later, i.e., 16 days after the first 
treatment, and the tissues and eggs were stored as previously 
mentioned. 
ii) Experiment II: 
A similar experiment was carried out on June 2I+, 1969, 
with 30 Rhode Island red hens with a different formulation 
of encapsulated Rabon. These birds were tested with 60$ 
encapsulated Rabon (AC-360-Lot 2-AClj.07) for a treatment 
period of II4. days. The birds were tagged individually and 
150 g. of feed and 2f>0 ml. of water was supplied daily. 
The dosages of encapsulated technical Rabon administered 
were 100, I4.OO and 800 ppm. There were eight birds in each 
treatment and six birds served as controls. The insecticide 
treatments were initiated as soon as the birds came into 
$0% egg production. Daily records of feed and water con¬ 
sumption, egg production, and weight of manure were main¬ 
tained. 
Body weights were taken every three days, since it was 
suggested (Dr. D.L. Anderson of Animal and Veterinary 
Sciences) that excessive handling caused by daily weighings 
could have an adverse effect on the birds. Eggs and manure 
were collected daily and stored in a deep freeze for chemical 
analyses and bioassay with fly larvae, respectively. The 
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birds were observed for abnormal behavior and general appear¬ 
ance. Slaughter of half the control and treated birds was 
carried out at lip days after the first treatment, and the 
other half were slaughtered two days later. Tissues were 
excised from all the birds and stored in polyethylene bags 
in a freezer for future analyses. 
iii) Experiment III; 
To determine if there were differences between breeds 
of birds in response to insecticide treatment, 60$ encap¬ 
sulated Rabon (AC-360-Lot 2-AClp60) was fed to 22 White Leg¬ 
horns starting on September 22, 1969. The dosages of ’’actual” 
Rabon administered were 50> 100 and 200 ppm.. Originally it 
was proposed that of the 22 birds, there would be six for 
each treatment and four control birds, but before the 
treatments were initiated some of the birds developed a 
Herpes virus infection. This infection reduced the number 
of birds and the surviving birds were put on test when egg 
production was reached. Of the 17 birds that survived, 
three served as controls, four each were fed 50 and 100 ppm. 
Rabon, respectively, and six were fed 200 ppm. Rabon. 
The insecticide treatments were fed to birds mixed with 
poultry mash. Since the birds were not as virile as the 
birds tested in previous experiments, they were weighed only 
three times during the treatment period so as to reduce 
stress caused by handling. However, daily records of feed 
and water consumption, and manure weights were recorded. 
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The egg production was also recorded and egg yolks were 
stored in a deep freeze for chemical analysis. The general 
appearance and behavior of the birds were observed through¬ 
out the treatment period. The treatment period lasted 14 
days, and slaughter was carried out at 16, 18 and 22 days 
after the first treatment. The tissues were removed from 
the slaughtered birds and frozen pending chemical analysis. 
iv) Experiment IV: 
Encapsulated 52% Rabon (#230-97, Code CS-52) was fed 
mixed with poultry mash to 22 Salmon-sex-link hens (J.J. Warren, 
North Brookfield, Mass.) for a 14-day period starting 
November 1, 1969. Dosages of Rabon fed to these birds 
were 50 and 100 ppm. There were eight birds in each treat¬ 
ment and six birds served as controls. After the treatment 
period of 14 days, slaughter was carried out 14 and 16 days 
after initiation of the first treatment. Again daily records 
of feed and water consumption, egg production and weight of 
manure were maintained. Weights of the birds were taken 
every three days to avoid excessive handling. Eggs were 
collected daily and yolks were frozen after labelling and 
placing in small plastic bags. The tissues removed from 
the carcasses were body fat, liver, and leg and breast 
muscles. These tissues, in addition to the egg yolks and 
manure, were frozen prior to analysis. 
v) Experiment V: 
On November 1, 1970 an experiment was initiated in which 
3k 
encapsulated $2% Rabon (#230-97, Code CS-52) was fed to 11 
Salmon-sex-link hens' for a 90-day treatment period. The 
birds were housed in individual poultry cages and egg pro¬ 
duction, feed and water consumption, body weights and weights 
of manure were recorded during the first and last weeks of 
treatment. This study was carried out to determine any long- 
range effects of feeding massive dosages of encapsulated 
Rabon, as well as any adverse physiological effects. Of the 
11 egg-laying females tested in this experiment, eight were 
fed 800 ppm. "actual" Rabon, while the remaining three birds 
served as controls. 
Prior to slaughter, blood was collected from all of 
these birds by cardiac puncture, and smears were stained 
with Wright's stain for cytologic studies. Total and dif¬ 
ferential blood counts were made, and the liver and spleen 
were removed and weighed from control and treated birds. 
Gross autopsies were carried out on all birds to observe any 
tumors or lesions. Egg shell thickness, albumin heights, 
and weights were recorded from all the eggs collected. 
Organoleptic evaluation was not deemed necessary because of 
the normal appearance and odor of the eggs. Residue studies 
on the eggs showed that only very minute amounts of residue 
were present. 
Blood-cholinesterase studies were not carried out, since 
previous studies by Sherman et al. (1967a) reported no anti¬ 
cholinesterase activity, mortality or growth retardation. 
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They showed that Rabon was one of the very few insecticides 
which showed no cholinesterase activity in the chick. 
2. Analytical Method 
Yadava (1969), working on Rabon residues in poultry 
tissues and eggs, followed the analytical procedure described 
by Ivey et al. (1967) for the detection of residues of Zytron 
in poultry. The analytical procedure for the detection of 
Zytron was reported to be satisfactory for the detection of 
residues of Rabon. Later Ivey et al. (1968), working with 
residues of Rabon in tissues of cattle, used the method 
described by Claborn and Ivey (1965) but made the following 
changes; 
a) The size of the sample was 20 g. 
b) The refluxing time for hydrolysis was extended to 
one hour. 
c) Silicic acid was used instead of Florex for cleanup 
of wet tissues. 
With these changes residues as low as 0.002 ppm. could 
be detected, and a 0.2 nanogram injection of 2,2,I|.!5,“'ketra- 
chloroacetophenone gave a recorder response of 22%, 
Ivey et al. (1969) described the analytical procedure 
for the detection of Rabon in tissues and eggs of poultry. 
They maintained the column at a temperature of 210°C, the 
injector at 2l|0°C, and the detector at 200°C. At these 
parameters, one nanogram of Rabon gave a recorder response 
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of 50%, depending on the sensitivity of the recorder. The 
extraction procedure was similar to the one described earlier 
by Ivey et al. (1968), but hydrolysis with 12N sulfuric acid 
on a reflux condenser for one hour was not carried out. The 
solvent was evaporated after Rabon was eluted over a silicic 
acid column, cooled, and 5 ml. of hexane was added before 
the solution was injected directly into the gas-chromatograph. 
The analytical procedure used for the detection of Rabon 
in tissues, eggs and manure of poultry was based on the pro¬ 
cedure described by Ivey et al. (1968), but differed from 
their 1969 procedure which foregoes hydrolysis of Rabon to 
2,2*4'5'-tetrachloroacetophenone. In the present study it 
was found that hydrolysis of Rabon gave better shaped peaks 
than non-hydrolyzed Rabon, although good peaks were obtained 
by Ivey et al. (1967) without hydrolysis. 
The procedure used for the detection of encapsulated Rabon 
was very satisfactory and is described below: 
i) Reagents and Apparatus: 
a) Acetonitrile nanograde, dichloromethane and 
n-hexane (redistilled). 
b) Silicic acid 100 mesh powder specially prepared for 
chromatography (Mallinckrodt) with 11$ water added. 
c) Celite as a filter aid. 
d) Chromatographic column 20 mm. i.d. by [}.00 mm. 
overall length with fritted disc. 
e) Gas chromatograph (I) Aerograph HYFI model 600 C 
of Wilkens Instrument and Research Inc. equipped 
with an electron capture detector and a g.l.c. 
pyrex column 5ft x 0.125" (II) Perkin-Elmer Model 
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801 of the Perkin-Elmer Corporation equipped with 
an electron capture detector and a g.i.c. pyrex 
column 6 ft. x 0.075”. 
ii) Gas Chromatography: 
The analyses were conducted on a Wilkens Instrument and 
Research Inc. Aerograph HYFI model 600 C gas chromatograph 
and a Perkin-Elmer Corporation model 801 gas chromatograph. 
The columns on both chromatographs were packed with 5% S.F. 
96 (Silicone Fluid) coated on Chromosorb W, 60-80 mesh con¬ 
ditioned isothermally at 200°C, with the detector at 200°C 
and the injector at 250°C. Purified grade nitrogen at an 
inlet flow rate of 50 to 60 ml./minute served as the carrier 
gas. At the above parameters, the retention time for Rabon 
was 1.5 minutes and 1 nanogram of Rabon gave a good recorder 
response. 
Series of standards of 2,2,l^.,5,-tetrachloroacetophenone 
(hydrolyzed Rabon) in hexane were prepared in concentrations 
ranging from 0.1 to 10 ppm. Five ul. samples of the standards 
were injected into the gas chromatograph, and standards were 
run with every analysis. Since the standard peaks were sharp 
and well outlined, comparison of the standard with the sample 
was carried out on the basis of peak heights. This method of 
comparison was found satisfactory, and the need for triangula¬ 
tion or the use of disc integrator curves was not necessary. 
iii) Extraction: 
a) Muscles, liver, egg, yolks and manure: 
A 20 g. sample of each of the tissues, egg yolk and 
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manure was extracted by blending with 150 ml. of acetonitrile, 
transferring to a 600 ml. beaker, stirring with 2 g. Celite, 
and filtered. The blendor, beaker and filter were washed 
with an additional 75 ml. acetonitrile. The extract was con¬ 
centrated to 50 ml. over a steam bath, and transferred to a 
500 ml. separatory funnel containing 150 ml. n-hexane. An 
additional 50 ml. was used to complete the transfer. A 
second separatory funnel was filled with 100 ml. of hexane. 
The first funnel was shaken for 1 to 2 minutes, and the 
phases allowed to separate. The acetonitrile phase was 
drained into the second separatory funnel and shaken with 
hexane. The acetonitrile phase was drained into a 125 ml. 
flask. This extraction was repeated with two 50 ml. portions 
of acetonitrile, after which the extracts were combined in 
the same flask and concentrated to 10 ml. on a steam bath. 
The last traces of acetonitrile were removed by adding and 
evaporating three 25 ml. portions of hexane. The residue 
was dissolved in 5 ml. hexane and reserved for the chroma¬ 
tographic cleanup column. 
b) Pat 
A 20 g. sample of fat with 20 g. anhydrous sodium sul¬ 
fate was blended with 150 ml. hexane and transferred to a 
600 ml. beaker, stirred with 2 g. Celite, and heated on a 
steam bath to near boiling. The liquid was decanted into a 
folded filter paper and filtered into a $00 ml. Erlenmeyer 
flask. The blendor, beaker and filter paper were washed with 
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an additional 100 ml. hot hexane. The extract was concen¬ 
trated to 150 ml. on a steam bath, cooled to room temperature, 
and transferred to a 500 ml. separatory funnel. An additional 
50 ml. of hexane was used to complete the transfer. Another 
100 ml. of hexane was added to a second separatory funnel 
and the dissolved fat was extracted four times with 50 ml. 
fractions of acetonitrile. Each time the acetonitrile ex¬ 
tract was drained into the second separatory funnel and 
shaken with hexane. All four fractions of acetonitrile were 
combined in a 300 ml. beaker, concentrated to 100 ml., trans¬ 
ferred to a 125 ml. flask, and further concentrated to 10 ml. 
on a steam bath. The last traces of acetonitrile were re¬ 
moved as with the extraction of egg yolks, etc., and the 
residue was stored in 5 ml. hexane for cleanup, 
iv) Cleanup of the extract: 
For cleanup of Rabon, a chromatographic column was pre¬ 
pared by adding in order, 2.5 cm. anhydrous sodium sulfate, 
12 g. silicic acid, and another 2.5 cm. of sodium sulfate. 
The silicic acid was activated at 225°C for 16 hours, cooled 
and mixed with ll\.% water, and allowed to equilibrate. The 
silicic acid was packed by tapping the column gently until 
no more settling occurred. A solvent mixture was prepared 
by mixing dichloromethane and n-hexane in the ratio of 3 51• 
The column was pre-washed with 100 ml. of the mixed solvent. 
The sample stored in 5 ml. hexane was transferred to the 
column, using two 10 ml. fractions of the mixed solvent. The 
brO 
receiver was then changed and Rabon was eluted with 230 ml. 
of the same solvent.- The eluate was concentrated to 50 ml. 
over a steam bath, transferred to a 125 ml* flask, and the 
solvent allowed to evaporate to dryness by blowing air into 
the flask. The flask was then cooled and the residue dis¬ 
solved in 0.5 ml. of methanol, to which 10 ml. of 12N 
sulfuric acid was added. The flask was then connected to a 
reflux condenser for one hour, after which the heat was 
turned off and the condenser was washed with 5 ^1. of dis¬ 
tilled water. The flask was then cooled with water and 5 ml. 
hexane was added, shaken for a minute, and then transferred 
to a 60 ml. separatory funnel. After separation of the water 
and hexane phases, the lower phase containing water was 
drained off while the hexane phase was collected in a 5 wh 
flask containing a small amount of anhydrous sodium sulfate. 
An aliquot of the sample was then injected into the gas 
chromatograph and the amount of Rabon present was determined 
by comparison of peak heights of the sample and of standard 
hydrolyzed Rabon of known volume. 
With the above procedure very satisfactory results were 
obtained. Although during the present study, hydrolysis of 
Rabon gave better results, Ivey et al. (1969) obtained good 
results with unhydrolyzed Rabon. This could help a great 
deal in reducing the time taken in performing these analyses. 
In manure the amounts recovered were so high that the samples 
had to be diluted after extraction and cleanup. Samples from 
birds fed 8C0 ppm. had to be diluted with n-hexane in the 
ratio of 1:1000, by adding 5 ul. of the cleaned up sample 
to 5 ml. of hexane. Manure from birds receiving 1+00, 100 
and 50 PPm» were diluted 500, 100 and 50 times, respectively. 
Recovery studies were carried out by adding a known 
amount of standard hydrolyzed Rabon to control samples of 
all tissues, eggs and manure. The samples were then passed 
through the extraction and cleanup procedure and injected 
into the gas-chromatograph. The amounts recovered were com¬ 
pared with the amounts introduced and the per cent recovery 
established the accuracy of the analytical procedure. 
RESULTS 
1. Effects on Performance, General Appearance and 
Behavior of Birds 
i) Experiment I: 
During the ll^-day treatment period, all the White Leg¬ 
horn hens remained fairly active and most of them increased 
in body weight (Table 2). Significant differences in average 
body weights of the birds can probably be attributed to 
varying consumption of feed. Significant differences between 
treatments (Table 2A) were found and Duncan’s multiple range 
test (Table 2B) as described by Steel and Torrie (I960), was 
performed on the treatment means to find the significant 
relationship of these means to each other. It is interest¬ 
ing to note that birds receiving I4.OO ppm. of 93$ encapsulated 
Rabon increased in weight at a higher rate than either the 
controls or the other treated birds. 
The average water consumption (Table 3) showed signif¬ 
icant differences (Table 3A) between the birds. Termination 
of the insecticide treatment did not consistently affect the 
water consumption pattern. Duncan’s range test (Table 3B) 
showed no significant differences between the water consumption 
of the control birds and the birds fed either 100 or l±00 ppm. 
of Rabon. However, a substantial reduction in water con¬ 
sumption was recorded for the birds fed 800 ppm., as compared 
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Table 2A.—Analysis of variance - body weights 
Experiment I 
Source of Variation d.f . s. s. M.S. F 
Treatments 3 10338 3462.7 3.30* 
Days 14 34848 2489.0 2.51*- 
Error 42 41387 990.2 
Total 59 86823 
^-Significant at the 0.05 level 
Table 2B. --DuncanTs Multiple 
Body weights 
Experiment I 
Range Test 
\ 
-5 
Value of p. 0.05 2 3 4 
SSR 2.86 3.01 3.10 
Rp. LSR 23.22 25.12 
Treatment levels 100 ppm. 800 ppm. Control [j.00 ppm 
Treatment means 1546.13 1332.06 1538.06 1581.06 
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Table 3A.--Analysis of variance - Water consumption 
Experiment I 
Source of Variation d.f. S.S. M.S. F 
Treatments 3 724.82 2416.1 9.03** 
Days 13 15710.0 1476.1 5.51** 
Error 39 10437.6 267.6 
Total 55 33395.8 
’"""Significant at the 0.01 level 
Table 3B.--Duncan’s Multiple Range Test 
Water consumption 
Experiment I 
Value of p. 0.05 2 3 4 
SSR 2.86 3.01 3.10 
Rp. LSR 12.46 13.12 13.51 
Treatment levels 800 ppm. Control 100 ppm. 400 ppm. 
144.78 169.78 171.36 171.85 
hi 
with all other treatments. 
Significant differences in feed consumption (Table 4) 
were recorded with respect to treatments (Table I4.A) • Dif¬ 
ferences in feed consumption between treatments (Table 4B) 
were not significantly different between the control birds 
and the birds fed either 400 or 800 ppm., but a marked re¬ 
duction in the feed consumption in birds fed 100 ppm. is 
evident. This was partly due to a mild paralysis of the legs 
of one bird which caused a marked drop in feed intake. This 
bird, however, survived the entire length of the treatment 
period and was slaughtered on the 14th day. 
No inhibition of egg production was observed (Table 5)> 
and no significant differences between the ovipositicn of 
the control and the treated birds were recorded (Table 5A). 
Higher production of manure was recorded for the treated 
birds than for the control birds (Table 6) and these dif¬ 
ferences were significant (Table 6a). Within the treated 
birds, statistically significant differences were noted be¬ 
tween the birds fed 100 ppm. and those fed the 4^0 ppm. 
dosage (Table 6B). 
Although statistically significant differences between 
the treatments were found in feed intake, water consumption 
and body weights, no definite pattern emerged from the data 
recorded. Even though one bird did show some immobility 
and was paralyzed, it does not follow that this was due 
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Table 4A»--Analysis of variance - Feed consumption 
Experiment I 
Source of variation d.f. s.s. M.S. F 
Treatments 3 3326.14 1108.8 25.43** 
Days 13 1223.0 94-1 2.15* 
Error 39 1699.40 43.6 
Total 55 6248.54 
''Significant at the 0.05 level 
^’Significant at the 0.01 level 
Table l\B.--Duncan’s Multiple Range Test 
Feed consumption 
Experiment I 
Value of p. 0.05 2 3 4 
SSR 2.86 3.01 3.10 
Rp. LSR 5.03 5.29 5.45 
Treatment levels 100 ppm. lj.00 ppm. 800 ppm. Control 
83.35 100.28 101.64 105.71 
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Table 5A.—Analysis of variance - Egg production 
Experiment I 
Source of variation d.f. s.s. M.S. F 
Treatments 3 1645.34 548.44 2.41 
Days 13 2801.59 215.51 0.95 
Error 39 8859.91 227.17 
Total 55 13306.84 
F - 0.05 - N.s. 
52 
-d- O C^ in _ 
«—1 OO O O ft 
*d rH rH rH 
© 
V CA ft CA in in 
rH 0 ft rH 0 
w 
rj rH rH rH 
3 ft rH O -d OO 
o 1—1 O ft OJ O 
£ rH rH rH rH 
bO 
© «H ca OO -d in 
«H O rH ca CA 
rH rH rH rH 
© 
O ca in n- O' 
•H rH rH ft -d ft 
£ rH rH rH rH 
■ 'd O C— t'- 
e 0 O O' ft rH t—1 
o •rH 1—1 rH rH 
u 
<M C © 
o ft -d O' 1—1 -d 
nd & OO 0 O CA ft 
© © 
-P rH rH rH rH 
-p « c 
0 © 
© TJ E -d vO _d ft 
rH © -p r- rH O' rH rH 
rH -P © rH 1—1 rH 
O © © 
O rH U 
3 EH CA ft rH CA 
© © vO O rH ft CA 
h ft C rH t—1 rH rH 
H © •H 
a 0 
CD C © O O rH O' 
E © S>> IA rH O ft ft 
© t—1 1—1 rH rH 
ft -p O 
0 c 
© O v£> 00 CA 
W O 
-d" O rH ft ft 
E rH t—1 rH rH 
© ?H 
3 © 
bO ft ft O H vO 
CA t—1 ft ft rH 
C ca rH rH rH rH 
•rH O 
© t"- CA CA vO 
p ft O ft rH O' 
rC rH rH 
bO 
•H 
© A- in CA vO 
rH OO O' O O 
rH rH 
© 
bO 
© ft 
v 3 
© 
> ft WX3 
< O TJ bO sO 00 GO CO 
1 3 
l • ‘r-f 
• 0 X> 
vO S3 
© ! 
•H -P 
.Q C i—1 • • • 
© © © 3 1—1 E E E 
E 3 0 O ft ft ft 
p P r© 3 ft ft ft 
© O © P 
©<ft 3 0 0 0 
3 O 0 0 0 
Eh O rH -d 00 
53 
Table 6A.--Analysis of variance - Weights of manure 
Experiment I 
Source of variation d.f. s.s. M.S. F 
Treatment 3 2937.61 979.20 13.20** 
Days 13 2977.73 229.05 
w w 
3.10''v" 
Error 39 2876.61). 73-81 
Total 55 8793-98 
“"Significant at the 0.01 level 
Table 6B. —Duncan’s Multiple Range Test 
Weights of manure 
Experiment I 
Value of p. 05 2 3 k 
SSR 2.86 3.01 3.10 
Rp. LSR 6.57 6.91 7.12 
Treatment levels Control 100 ppm. 
102.2 113-3 
800 ppm. 
118.1)3 
lj.00 ppm. 
121. llj. 
54 
entirely to the insecticide treatment, since all the birds 
at 400 ppm. and 800 ppm. seemed unaffected by the feeding 
of Rabon with regard to general appearance and physiological 
activity. 
/ 
ii) Experiment II: 
The average body weights of the controls'and also the 
treated birds that were fed I4.OO ppm. declined, whereas birds 
receiving 100 and 800 ppm. increased in weight. (Table 7.) 
Differences between treatments were significant, as were the 
weights on different days (Table 7A). There seems to be no 
significant differences between the body weights of birds 
fed 100 and 800 ppm., but the birds receiving Lj.00 ppm. and 
the control birds were significantly different (Table 7B). 
There is no explanation for the increase in body weights of 
the birds at 100 and 800 ppm. The birds were weighed only 
once every three days so as to avoid excessive handling. 
The water consumption was significantly higher among 
the birds receiving 100 and LpOO ppm. than in the control and 
800 ppm. groups (Tables 8 and 8B). The treatments were sig¬ 
nificantly different from one another (Table 8a) but again 
there does not appear to be any positive relationship be¬ 
tween the water consumption and the insecticide treatment. 
Feed consumption was similarly higher in birds fed 800 ppm. 
(Table 9). Statistically significant differences between 
feed intakes were noted (Table 9A), and it is evident that 
the feed consumption was higher in the birds fed 100 and 
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Table ?A.--Analysis of variance - Body weights 
Experiment II 
Source of variation d.f. S.S. M.S. F 
Treatments 3 14.0521.5 135702 36.55'"’"' . 
Days 5 7H7.7 1423.5 3.85""' 
Error 15 8542.8 569.5 
Total 23 56181.9 
^'Significant at the 0.05 level 
^'Significant at the 0.01 level 
Table 7B.--Duncan’s Multiple Range Test 
Body weights 
Experiment II 
Value of p.05 2 3 4 
SSR 2.86 3.01 3.10 
Rp. LSR 27.85 29.31 30.19 
Treatment levels: I4.OO ppm. Control 100 ppm. 800 ppm. 
Average weights 1997*83 2017.66 2090.83 2103.16 
12 days 
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Table 8A.--Analysis of variance - Water consumption 
Experiment II 
Source of variation d. f. S.S. M.S. P 
Treatments 3 4891.3 1630.4 6.48** 
Days 13 4365.2 335.8 1.33 
Error 39 9813.2 251.6 
Total 55 19069.7 
"''"'Significant at the 0.01 level 
Table 8B.--Duncan’s Multiple 
Water consumption 
Experiment II 
Range Test 
0 
Value of p.05 2 3 4 
SSR 2.86 3.01 3.10 
Rp. LSR 12.55 13.21 13.60 
Treatment levels: Control 800 ppm. 
191.0? 192.57 
LpOO ppm. 
207.36 
100 ppm. 
212.71 
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Table 9A.—Analysis of variance - Feed consumption 
Experiment II 
Source of variation d.f. S.S. M. S. F 
Treatments 3 1165.6 388.3 7.29** 
Days 13 2810.1 216.16 4.. 01** 
Error 39 2081.9 53.38 
Total 55 6057.6 
‘''""Significant at the 0.01 level 
Table 9B.--Duncan’s Multiple 
Feed consumption 
Experiment II 
Range Test 
Value of p.05 2 3 b 
SSR 2.86 3.01 3.10 
Rp. LSR 5.1)3 5.71 5.79 
Treatment levels Control 1+00 ppm. 100 ppm. 800 ppm. 
Average Feed 105.13 109.93_112.6 
Consumption/ _ 
15 days 
61 
800 ppm., respectively (Table 9B). 
‘.The manure produced was collected wet daily and weighed. 
It appeared that the amount produced increased with the Rabon 
dosage administered (Table 10). This, however, can be attrib¬ 
uted to the fact that the birds fed 800 ppm. also higher in¬ 
takes of feed and water. Differences in the amount of manure 
produced were significant (Table 1CA), but Duncan’s range 
test (Table 10B) shows no significant differences between 
the birds fed 100 ppm. and those receiving 4-00 ppm. The egg 
production data (Tables 11, 11A) show no differences between 
the control and treated birds. No adverse effects of feeding 
60% encapsulated Rabon were noticed. All the birds during 
the test remained normal in appearance and exhibited no 
abnormal behavior. 
iii) Experiment III: 
In order to determine if there would be any differences 
in response to insecticide treatments, 60% encapsulated Rabon 
was fed to White Leghorn hens in dosages of 50, 100 and 200 ppm. 
Before the treatment was administered, some of the birds be¬ 
came infected with a Herpes virus which caused mortality to 
some of the birds and debility in others. After the surviving 
birds came into $0 per cent egg production, the treatments 
were administered. Some of the birds were in extremely poor 
physical condition and died during the treatment period. Of 
the original 30 birds, only 1? survived and regained normal 
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Table 10A.--Analysis of variance - Weights of manure 
Experiment II 
Source of variation d.f. s.s. M.S. F 
Treatments 3 17761.73 5920.5 20.1*" 
Days 13 7442-43 572.49 1.94 
Error 39 11455.77 293.73 
Total 55 36659.93 
^"Significant at the 
r 
0.01 level 
Table 10B .--Duncan’s Multiple Range Test 
V/eights of manure 
Experiment II 
Value of p.05 2 3 4 
SSR 2.86 3.01 3.10 
Rp. LSR 13.09 13.78 14.19 
Treatment levels Control 100 ppm. 400 ppm. 800 ppm. 
Average weights/ 
"14 days 94.71 112.36 123.21 143.86 
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Table 11A.--Analysis of variance - Egg production 
Experiment II 
Source of variation d.f. s.s. M. S. F 
Treatments 3 643.06 214.35 0.812 
Days 13 1834-75 141.13 0.534 
Error 39 10291.19 263.87 
Total 55 12769 
activity. Apparently the mortality was due entirely to the 
disease since all the birds fed the highest dosage of 200 ppm. 
survived. 
The surviving birds showed increases in body weights 
(Table 12) and no significant differences between control and 
treated birds were apparent (Table 12A). Similarly no sig- 
. . .... r '■ o 
nificant differences in the feed consumption of the control 
and treated birds were observed (Tables 13> 13A). The water 
consumption (Table 14.) did show significant differences be¬ 
tween treatments when analyzed statistically (Table II4.A) . 
The control birds showed higher water intake than the treated 
birds, but no significant differences between the consumption 
of the birds fed 50 and 100 ppm. were recorded (Table . 
The production of manure was not inhibited by the feeding 
of encapsulated Rabon (Table 15) and there were no significant 
differences between the average wet weights of manure between 
the control and treated birds (Table 15A). Egg production was 
66 
Table 12.--Average body weight in grams of White 
Leghorns fed 60 per cent encapsulated Rabon 
Treatment 
Actual 
Rabon 
No. of 
birds Days in Treatment Period 
group 1 7 14- 
Control 3 1534 1573 1615 
50 ppm. k 15914. 1716 1741 
100 ppm. k 1666 1716 1755 
200 ppm. 6 1548 1596 1676 
Table 12A.—Analysis of variance - Body weights 
Experiment III 
Source of variation d.f. s.s. M.S. F 
Treatments 3 37609.67 12536.55 0.0008 
Days 3 24975.17 8325.05 0.0005 
Error 2 29198522.83 14599261.4 
Total 11 29261107.67 
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Table 13A.--Analysis of variance - Feed consumption 
Experiment III 
Source of variation d.f. s.s. M.S. F 
Treatments 3 3023.614. 1007.66 0.313 
Days 13 4122.22 ' 317.07 0.098 
Error 39 125535.36 3218.85 
Total 55 132681.22 
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Table llpA,.--Analysis of variance - Water consumption 
Experiment III 
Source of variation d.f. S.S. M.S. F 
Treatments 3 35790.57 11930.19 3I.24** 
Days 13 4994-36 384.18 1.007 
Error 39 1*4.889.93 381.79 
Total 55 55674-86 
^Significant at the 0.01 level 
Table 14B. --Duncan’s Multiple Range Test 
Water consumption 
Experiment III 
Value of p.05 2 3 4 
SSR 2.86 3.01 3.10 
Rp. LSR 14.92 15.71 16.18 
Treatment levels 200 ppm. 50 ppm. 100 ppm. 0 ppm. 
Average water 
consumption/ 
/14 days 160.5 193.92 197.07 231.92 
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Table 15A.—Analysis of variance - Weights of manure 
Source of variation d.f. S.S. M.S. F 
Treatment 3 530.99 176.99 3.31+ 
Days 12 651+7.73 51+5.61+ 10.31** 
Error 36 1901+.26 52.89 
Total 51 8982.98 
■iHi- 
Significant at the 0.01 level 
affected by the insecticide treatments (Table 16) and sig¬ 
nificant differences in the oviposition of control and treated 
birds were noted (Table 16a). The control birds had a higher 
egg production than the birds fed 100 and 200 ppm., but there 
were no statistically significant differences between control 
birds and birds fed 50 ppm. (Table 16B). 
iv) Experiment IV: 
The 22 Salmon-sex-link hens which were fed 52% encap¬ 
sulated Rabon showed losses in average weight (Table 17); 
however, there were no significant differences between the 
body weight changes of control and treated birds (Table 17A). 
The feed consumption increased during the treatment period 
(Table 18) and statistical analysis showed significant dif¬ 
ferences between treatments (Table 18A). Duncan's multiple 
range test showed no significant differences between control 
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Table 16a.—Analysis of variance - Egg production 
Experiment III 
Source of variation d. f. s.s. M.S. F 
Treatments 3 5391.5 1797.16 4..6r'~ 
Days 13 7688.25 59140 1.51 
Error 37 15188.25 38944 
Total 55 28268.0 
Significant at the 0.01 level 
Table 16B.--Duncan’s Multiple Range Test 
Egg Production 
Experiment III 
V 
Value of p.05 2 3 4 
SSR 2.86 3.01 3.10 
Rp. LSR 15.1 15.8 16.1 
Treatment levels 200 ppm. 100 ppm. 50 ppm. Control 
k7.3 57 .ip 59.5 7k-7 
i 
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Table 1?.—Average body weights in grams of Salmon-sex-link 
hens fed 52 -per cent encapsulated Rabon 
Treatment 
Actual 
Rabon 
No. of 
birds 
group 
Days in Treatment Period 
1 7 14 
Control 6 2079 2022 1991 
50 ppm. 8 2096 2028 2000 
100 ppm. 8 2030 2038 2021; 
Table 17A.--Analysis of variance - Body 
Experiment IV 
weights 
Source of variation d.f. S.S. M.S. 
O 
F 
Treatments 2 227.6 113.8 0.16 
Days 2 6124.3 3062.1 4-32 
Error 4 2833.7 708.4 
8 9185.6 Total 
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Table 18a.—Analysis of variance - Feed consumption 
Experiment IV 
Source of variation d.f. S.S. M.S. F 
Treatments 2 1391.1 695-6 23.50** 
Days 13 2860.3 220.0 7.43** 
Error 26 769.6 29.6 
Total 111 5021.0 
""Significant at the 0.01 level 
Table 18B. --Duncan’s Multiple Range Test 
Feed consumption 
Experiment IV 
Value of p.05 2 3 
SSR 2.86 3.01 
Rp. LSR 4.15 4.36 
Treatment levels 50 ppm. 1 Control 100 ppm. 
93.2 96.2 106.6 
78 
and birds fed $0 ppm. ; however, birds fed 100 ppm. showed sn 
increase in feed intake (Table 18B). 
There appeared to be reductions in water consumption 
with increases in Rabon dosages (Table 19). This decrease 
was significant (Table 19A) and Duncan’s multiple range test 
seems to confirm the decrease in consumption with increase 
in dosage (Table 19B). No statistically significant dif¬ 
ferences in weights of manure or egg production of control 
and treated birds were noted (Tables 20, 21). There were no 
adverse effects of the insecticide treatment with regard to 
general appearance and behavior. 
v) Experiment V: 
The effect'of prolonged feeding of $2% encapsulated 
Rabon for 90 days to Salmon-sex-link hens showed no statis¬ 
tically significant differences between egg production, feed 
intake and weights of manure between control and treated 
birds. Differences in water consumption, however, were sig¬ 
nificant (Table 22). Both the control and treated birds 
increased in body weight, but these differences were sig¬ 
nificant statistically as were the weights of the spleen 
(Table 23). Liver weights of the control and treated birds 
showed no significant differences. Similarly eggs collected 
from control and treated birds showed no significant differ¬ 
ences in weights, shell thickness or albumin heights (Table 21^). 
When slaughtered, gross autopsies showed no ill-effects 
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Table 19A.--Analysis of variance - Water consumption 
Experiment IV 
Source of variation d.f. S.S. M.S. F 
Treatments 2 7109.3 3554-7 11.75** 
Days 13 8420.1 647.7 2. Ilf* 
Error 26 7806.7 302.6 
Total U 23396.1 
-H. 
Significant at the 0.05 level 
‘""’‘''‘Significant at the 0.01 level 
Table 19B. --Duncan’s Multiple Range Test 
Water consumption 
Experiment IV 
Value of p.05 2 3 
SSH 2.86 3.01 
Rp. LSR 13.27 13.96 
Treatment levels 100 ppm. 50 ppm. Control 
Average water 206.5 216.5 237.5 
consumptiory 
IJ4. 'days 
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Table 20.--Average weight of manure in grams of Salmon-sex- 
link hens fed 52 per cent encapsulated Rabon 
Treatment 
Actual 
Rabon 
No. of 
birds 
group 
Days in Treatment Period 
0 1 7 15 
Control 6 68 71 60 89 
50 ppm. 8 73 72 72 97 
100 ppm. 8 82 86 76 103 
Table 20A.--Analysis of variance - Weights of manure 
Experiment IV 
Source of variation d. f. S. S. M.S. F 
Treatments 2 182.56 91.28 1.186 
Days 3 830.22 276.74 3.60 
Error 3 230.78 76.93 
Total 8 1243.56 
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Table 21A.--Analysis of variance - Egg production 
Experiment IV 
Source of variation d.f. S.S. M.S. F 
Treatments 2 10.01). 5.02 0.012 
Days 13 6013.76 462.60 1.073 
Error 26 5198.32 431.73 
Total kl 11222.12 
Table 22.--The effect of feeding 52 per cent encapsulated Rabon 
on average egg production, feed and water consumption 
and weights of manure of Salmon-sex-link hens 
during a 90-day treatment period 
Treatment No. of 
Bi rds 1st Week Last Week 
% Egg Control 3 85.6 93.2 
Production 800 ppm. 8 75.0 87.5 
Feed Control 3 104.8 132.7 
consumption 800 ppm. 8 115.5 122.5 
(gj 
Water Control 3 244.8 250.0* 
consumption 800 ppm. 8 213.6 235.5 
(ml.) 
Weight of Control 3 74.8 105.3 
manure 800 ppm. 8 86.2 103.7 
(g.) 
V-0.05 
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Table 23.--Average body and organ weights of Salmon-sex- 
link hens fed 52 per cent encapsulated Rabon 
for a 90-day treatment period 
Treatment 
(ppm.) 
No. of 
birds 1st Week Last Week 
Body 
Weight Control 3 2149 2498'-' 
(g.) 8oo 8 2031 2283 
Liver 
Weight Control 3 - 49.5 
(g.) 
Spleen 
800 8 43.2 
Weight Control 3 - 130.0~ 
(mg.) 
*x2-o.o5 
800 8 180.0 
Table 2i|.--Average weight, shell thickness and albumin 
heights of eggs from Salmon-sex-link hens fed 
800 ppm. of 52 per cent encapsulated Rabon 
for a 90-day treatment period 
Treatment 
(ppm.) 
Shell Thickness 
(0.001 in. ) 
Egg Weight 
tg.) 
Albumin 
Heights 
(Haugh 
Units) 
Control 14-76 61.86 81.56 
800 14-71 60.96 85.31 
*x2-o.o5 (n.s.) 
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of insecticide feeding and the internal organs showed no 
lesions and were of normal size and shape. The blood values 
of the control and treated birds are presented in Table 25. 
Hematocrit or packed cell volume for erythrocyte counts and 
buffy coat tests for estimation of leucocytes, as well as 
values from differential counts were recorded. Some variation 
was recorded and a few treated birds did appear to have some¬ 
what higher values for heterophils and lymphocytes. 
No definite trends have been established in the five 
groups of birds tested in these experiments. Feed and water 
consumption, body weights, egg production and weights of 
manure all show some variation and differences between in¬ 
dividual birds seems to be the cause of the variation. The 
only definite inference that can be made is that egg produc¬ 
tion was not affected in all groups of birds except the White 
Leghorns infected with the Herpes virus which may have caused 
some inhibition in oviposition. No abnormal behavior or 
mortality attributable to insecticide treatment or inhibition 
of physiological activity was observed. 
2. Recoveries of Rabon in Spiked Samples 
i) Recoveries: To test the efficiency of the analytical 
procedure, recovery studies were carried out by spiking 20 g. 
samples of body tissues, egg yolks and manure with known 
quantities of standard hydrolyzed Rabon (2,2*, ip1 , 5T~ 
tetrachloroacetophenone) prior to extraction and cleanup. 
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The samples were then passed through the normal extraction 
and cleanup procedure for Rabon and analyzed on the gas 
chromatograph. The peaks recorded from the spiked samples 
were compared with peaks of known quantities of standard 
hydrolyzed Rabon. The percentage recoveries were then cal¬ 
culated on the basis of peak heights and the sensitivity of 
the analytical procedure was evaluated (Table 26). 
Table 26.--Recoveries of Rabon from body tissues, egg yolks, 
and manure from control samples spiked with known 
quantities of standard Rabon 
Sample Volume of Standard 
Hydrolyzed Rabon 
used for Spiking 
(ml. of 1 ppm. 
Rabon) 
Volume 
Recovered 
(meg.) 
Per cent 
Recovery 
Breast 3.0 2.30 76.66 
Leg 2.6 2.27 87.31 
Liver 1.6 1.60 100.00 
Egg Yolk 1.2 1.17 97.50 
Fat 3-67 107.91 
Manure 4.6 k-52 98.26 
ii) Sensitivity of the method: At a range and attenua¬ 
tion of RqA2 or R-^A^ depending on the sensitivity of the 
Aerograph HyFi gas chromatograph, and an attenuation of x50 
or xlOO on the Perkin-Elmer gas chromatograph, 5 ng. of 
2,2’,4’,5!-tetrachloroacetophenone gave excellent recorder 
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response. When the machine was operating normally on set 
parameters, 0.001 ppm. of residue was detected easily. The 
above settings were not the most sensitive attenuations, but 
increases above these settings magnified the degree of inter¬ 
ference in blank and fortified samples. 
3. Residues in Body Tissues, Egg Yolks and Manure 
i) Experiment I: 
(a) Residues in Body Tissues: No detectable residue was 
present in the liver of birds fed 800 ppm., but minute 
quantities of Rabon were detected in body fat and leg and 
breast muscles of some birds at 800 ppm. The residues in the 
leg and breast muscles may have been due to small amounts of 
fat present in these tissues. No detectable residue was 
recovered from tissues of birds fed I4.OO ppm. or the lower 
dosages (Table 27). The highest quantity of residue re¬ 
covered was O.4.6O ppm. in the body fat of bird #26 slaughtered 
on the 14th day of treatment. 
(b) Residues in Egg Yolks: Traces of Rabon were present 
in eggs of some birds fed 800 ppm. and slaughtered 14 days 
after initiation of treatment. No detectable residue was 
recovered in eggs from birds slaughtered 16 days after the 
first treatment or from eggs of birds receiving 4^0 ppm. or 
lower dosages (Table 28). 
(c) Residues in Manure: Residues of Rabon varying from 
9.70 ppm. to 196.50 ppm. were recovered from birds fed 93$ 
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Table 27 •—Residues following the feeding of 93 per cent 
encapsulated Rabon in tissues of 
White Leghorn hens 
Treat¬ 
ment 
Actual 
Rabon 
Bird Days after 
No. first dose 
Residue-*- in ppm • • • 
Fat Liver Leg Breast 
11 14 ND2 ND 0.0075 ND 
12 14 0.169 ND ND ND 
15 14 0.218 ND ND ND 
26 14 0.460 ND ND ND 
800 ppm. 13 16 ND ND 0.0075 ND 
14 16 ND ND ND ND 
27 16 ND ND ND ND 
28 16 0.0165 ND 0.0100 0.0043 
10 14 ND - - - 
21 14 ND - - - 
24 14 ND - - - 
25 14 ND - - - 
400 ppm. 22 16 ND - - - 
23 16 ND - - - 
29 16 ND - - - 
30 16 ND - - - 
•*-/per 20 g. sample 
^ND = non-detectable 
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Table 28.--Residues following the feeding of 93 per cent 
encapsulated Rabon in yolks of eggs from 
White Leghorn hens 
Treat¬ 
ment 
Actual 
Rabon 
Bird 
No. 
Residue in ppm. 
Days in Treatment Period: 
3 7 14 
2 days post¬ 
treatment 
11 - - ND1 - 
12 - - ND - 
13 ND ND 0.0394 ND 
14 ND ND ND ND 
800 ppm. 15 - ND ND - 
26 ND ND - • 
27 ND ND 0.0519 ND 
28 ND ND 0.1577 ND 
10 - ND ND - 
21 ND ND ND - 
22 ND ND ND - 
23 ND - - ND ND 
J4.OO ppm. 2k ND ND ND - 
25 - ND ND - 
29 ND - ND ND 
30 ND ND ND ND 
ND = non-detectable 
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encapsulated Rabon (Table 29). The control samples contained 
no detectable Rabon residues. 
ii) Experiment II: 
(a) ’ Residues in Body Tissues: Small amounts of Rabon 
residues were recovered from body tissues of some birds at 
the 800 ppm. dosage. These residues were highest in the body 
fat, but were also found in livers and in the leg and breast 
muscles. However, no residues were recovered two days after 
termination of treatment (Table 30). No residues were re¬ 
covered from tissues of birds receiving 4 00 ppm. or lower 
dosages. None of the control samples contained detectable 
amounts of residue. 
(b) Residues in Egg Yolks: Egg samples from birds treated 
with all dosages were analyzed, but none showed any detectable 
amounts of residue. 
(c) Residues in Manure; Samples from birds fed 800 ppm. 
showed Rabon residues as high as 580 ppm. in bird #28 
(Table 31). The residues in samples from birds fed 100 and 
400 ppm. were lower. No detectable amounts of Rabon were 
found in the control samples. 
iii) Experiment III: 
In this experiment, no Rabon residues were found in body 
tissues or egg yolks of any control or treated birds. Residues 
in manure ranged from 2.70 to 25.87 ppm. (Table 32). Manure 
samples from control birds contained no detectable Rabon 
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Table 29.--Residues in manure of White Leghorn hens 
fed lip days with 93 per cent encapsulated Rabon 
Treatment Residue^ in ppm. on 
Actual Bird 14th day of treat- 
Rabon No. ment 
12 196.50 
14 103.50 
800 ppm. 
15 46.25 
28 45.00 
23 141,25 
24 143.75 
400 ppm. 
10 41.50 
22 147.50 
2 7.50 
4 9.70 
100 ppm. 
6 10.40 
9 20.80 
1/ per 20 g. sample 
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Table 30---Residues in tissues of Rhode Island red hens 
fed 60 per cent encapsulated Rabon for 1k days 
Treat- Days after Residue^" in ppm. 
ment 
Actual 
Rabon 
Bird 
No. 
first dose 
Fat Liver Leg Breast 
11 11; 0.101 ND2 ND 0.038 
12 11; 0.102 0.015 ND ND 
15 Ik 0.199 ND 0.153 0.001 
26 Ik 0.211 ND 0.019 ND 
800 ppm 
. 13 16 ND ND ND ND 
14 16 0.029 ND ND ND 
21 16 ND ND ND ND 
28 16 0.221 ND ND ND 
10 Ik ND - - - 
21 14 ND - - 
2k 14 ND - - - 
400 ppm 
u
-\
 
C\J
 
•
 14 ND - - - 
22 16 ND - - - 
23 16 ND - - - 
29 16 ND - - - 
30 16 ND - - - 
■^per 20 g. sample 
2/ ND = non-detectable 
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Table 31.--Residues in manure of Rhode Island red hens 
fed 60 per cent encapsulated Rabon for 14 days 
Treatment Bird Residue'*' in ppm. on l[j.th 
Actual Rabon No. day of treatment 
11 397.50 
12 315.00 
13 186.00 
800 ppm. 14 280.00 
15 507.50 
26 575-00 
27 70.00 
28 580.00 
21 58.25 
22 17.00 
I4.QO ppm. 23 21.05 
25 50.00 
29 46.00 
30 26.25 
1 17.90 
3 3.38 
100 ppm. 6 4.83 
7 11.60 
8 12.40 
9 9.65 
1/ per 20 g. sample 
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Table 32. --Residues in manure of White Leghorns fed 
60 per cent encapsulated Rabon 
Treatment 
Actual 
Rabon 
Bird Residue'1' in ppm. on ll+th 
No. day of treatment 
200 ppm. 
12 23.00 
14 18.60 
15 25.67 
28 23.OO 
29 18.10 
30 17.00 
100 ppm. 
21 19.80 
23 23.00 
24 18.50 
25 13.50 
50 ppm. 
6 5-70 
7 9.99 
10 4.27 
17 2.70 
1/ per 20 g. sample 
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residues. 
iv) Experiment IV: 
Again none of the body tissue or egg yolk samples showed 
detectable amounts of Rabon residues in either the control or 
treated birds. Rabon residues were present in the manure 
samples from birds fed 50 or 100 ppm. (Table 33) > "but none of 
the control samples showed detectable Rabon. 
v) Experiment V: 
No detectable Rabon residues were recovered from body 
tissues or egg yolks of samples from control birds. However, 
small amounts of residues varying from 0.0125 to 0.2580 ppm., 
were detected in body tissues and egg yolks from treated 
birds (Table 3l+)« These residues were at very low levels, 
in spite of the fact that 800 ppm. of encapsulated Rabon was 
fed continuously to the treated birds for 90 days. 
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Table 33.--Residues in manure of Rhode Island red hens 
fed 52 per cent encapsulated Rabon 
Treatment Bird Residue1 in ppm. on llpth 
Actual No. day of treatment 
Rabon 
ik 11.35 
15 19.05 
100 ppm. 21 48.60 
22 28.60 
23 7.05 
24 15'. 05 
6 9.18 
7 6.68 
8 8.25 
50 ppm. 9 8.85 
10 5.22 
1/ per 20 g. sample 
98 
Table 3I4..--Residues of encapsulated Rabon in body tissues 
•' and egg yolks of samples from Salmon-sex-link hens 
fed 52 per cent encapsulated Rabon 
continuously for 90 days 
Treatment Bird 
(ppm.) No. 
Residues in ppm. after 90 days of treat¬ 
ment 
Body fat Liver Leg 
muscle 
Breast 
muscle 
Egg 
Yolk 
0 5 ND1 ND ND ND ND 
0 15 ND ND ND ND ND 
0 16 ND ND ND ND ND 
800 11 0.0600 ND ND 0.0215 0.1303 
800 12 0.0360 ND 0.0385 ND ND 
800 13 0.2580 ND ND ND 0.0283 
800 26 0.0200 0.0l;60 0.0520 0.0125 0.0452 
800 27 0.0765 ND ND 0.0625 0.0349 
800 28 0.0725 0.0535 0.0260 0.0465 0.0344 
800 29 ND ND 0. olj.65 0.0406 0.0221 
800 30 0.0600 ND 0.0415 0.0560 0.0154 
1/ ND = non-detectable 
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DISCUSSION 
1. Administration of the Insecticide 
Encapsulation of Rabon eliminated the cumbersome and 
time-consuming technique of force feeding large gelatin 
capsules, or funnelling down suspensions of Rabon in water 
into the oesophagus of individual birds. The amount of 
toxicant is known precisely and is well blended in the mash, 
little spillage if any occurs and the encapsulated formula¬ 
tion has the definite advantage of being practical when used 
on a large scale. 
2. General Appearance and Behavior of Rabon-fed Birds 
No mortality was reported for any of the Rabon-treated 
birds at the dosages fed, nor was there any lethargy or 
abnormal behsvior definitely attributable to the insecticide 
treatment. One bird fed 93^ encapsulated Rabon did appear 
lethargic and showed reduced feeding and lack of movement. 
This was not considered attributable to the insecticide since 
birds receiving higher dosages appeared to be completely 
normal. Another bird fed 800 ppm. of 60% encapsulated Rabon 
showed prolapsis, but finally recovered and continued normal 
oviposition. The above results differ from those with un¬ 
encapsulated formulations where Yadava (1969) reported 60% 
mortality from birds receiving 752 mg. of Rabon per kilogram 
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of body weight. He also reported that a difference in 
susceptibility to Rabon between different breeds of hens 
may exist. The present experiments failed to reveal any sub¬ 
stantial differences among either breeds of birds or between 
the three encapsulated formulations. 
It does seem that 60$ encapsulated Rabon was slightly 
safer since no residues were detected in egg yolks of hens 
fed this formulation at 800 ppm. Prolonged feeding of 52$ 
encapsulated Rabon for 90 days to Salmon-sex-link hens in a 
massive dosage of 800 ppm. produced no toxicity or abnormal 
behavior. Gross autopsies of these birds showed freedom from 
lesions and all organs were of normal size, shape and appear¬ 
ance. Also the residues recovered were very minute; in fact 
they were lower than some of those recovered after 11; days 
of treatment. 
This may possibly be due to increased detoxication after 
a certain level of residue has been attained and thereby give 
better fly control over extended periods of time. This con¬ 
clusion is however purely speculative. No great variation in 
the blood values was noted and the appearance of the eggs was 
normal. 
3. Egg Production 
There was no inhibition of egg production recorded 
from all groups of birds except the White Leghorns fed 60$ 
encapsulated Rabon. The decline in this group may have been 
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due to the virus infection. Yadava (1969) reported a reduc¬ 
tion in egg laying in birds receiving less than 200 ppm. of 
unencapsulated Rabon and complete inhibition of oviposition 
in birds receiving 200 ppm. Also residues in egg yolk were 
fairly low in our experiments. Rabon administered to hens by 
Sherman et al. (1967) showed no blood-cholinesterase inhibition 
and no depression of growth was reported. 
ij.. Analytical Procedure 
Gas chromatography is a sophisticated method which in¬ 
volves tedious procedures for purifying extracts before they 
can be analyzed on the gas chromatograph. Extreme caution 
has to be practiced, since the extract can easily be con¬ 
taminated by interfering compounds especially lipids. 
Analysis of poultry manure was carried out for the first 
time and an analytical procedure for the extraction and clean¬ 
up of Rabon residues in poultry manure was developed. Analysis 
of manure was particularly difficult because of the high quan¬ 
tities of residue and a variety of interfering compounds. All 
equipment and glassware had to be washed with n-hexane several 
times to eliminate all traces of residues. 
The analytical procedure was very time consuming; it 
took eight to ten hours to extract and clean up six samples. 
This meant working several sets simultaneously and was in 
addition to the time needed for redistilling solvents, pre¬ 
paring the silicic acid and conditioning the gas chromatograph. 
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The procedure was sensitive enough to detect residues as low 
as 0.001 ppm. and in general, the Perkin-Elmer gas chromato¬ 
graph was more sensitive than the Aerograph HYFI gas chromato¬ 
graph. 
5. Residues in Tissues and Egg Yolks 
No detectable amount of residues were recovered from 
either body tissues or egg yolks of birds receiving 1|00 ppm. 
or lesser dosages in any of the three formulations. All 
control samples similarly contained no detectable residues 
of Rabon. This indicates that encapsulation decreases the 
incidence of residues when compared with non-encapsulated 
formulations and levels up to I4.OO ppm. of encapsulated Rabon 
were safe and no residues of Rabon were recovered. Also 
prolonged feeding for 90 days of massive dosages produces 
only small amounts of residues. 
Unencapsulated Rabon fed to birds by Yadava. (1969) pro¬ 
duced detectable amounts of residues in body fat from dosages 
as low as 25 mg./kg. Ivey et al. (1968) and Yadava (1969) 
reported that Rabon has greater affinity for fat, probably 
because of the presence of chlorine molecules. This seems 
to be true for encapsulated formulations as well, as the 
recovery of Rabon in fat was higher than in any other body 
tissues or from the egg yolks. 
Most residues in birds fed encapsulated Rabon were 
eliminated shortly after treatment, although Ivey et al. (1968) 
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reported 0.1 ppm. in the fat of cattle one week after termina¬ 
tion', of treatment. Regarding residues in poultry, Ivey et al. 
(1969) reported the presence of small amounts of Rabon up to 
four weeks after treatment in body fat, and up to five weeks 
post-treatment in the back skin. 
The residues of encapsulated Rabon in the present work 
did not persist as long as those reported by Ivey et al. 
(1969) with unencapsulated Rabon. They recovered little or 
no residues in egg yolk, breast or leg and this is similar to 
the results obtained from the present experiments. The per¬ 
sistence of residues in the back skin may be due to the fact 
that Ivey et al. (1969) used Rabon for the control of 
ectoparasites and was administered by means of floor litter 
and dusting boxes. 
6. Residues in Manure 
All dosages of encapsulated Rabon produced high levels 
of residue in manure, whereas manure from control birds was 
free of Rabon. This indicates that encapsulation should 
enhance the larvicidal activity of manure because of the high 
levels of residue present in the manure. The analysis of 
manure by gas chromatography was carried out for the first 
time and an analytical procedure for the extraction and 
cleanup of manure was developed. The results obtained were 
satisfactory and spiked samples of manure showed a recovery 
of 98.26%. 
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SUMMARY AND CONCLUSIONS 
Out of a total of 5 groups of 107 birds, each group was 
treated with one of three formulations in dosages varying 
from 50 ppm. to 800 ppm. for 14-day treatment periods blended 
with dry mash. The feed intake, water consumption, egg pro¬ 
duction, fluctuation in body weights, weights of manure, 
general appearance and behavior of the'hens were recorded 
during the treatment period. Gas chromatographic determina¬ 
tions of Rabon residues in body tissues, egg yolk and manure 
were carried out. An analytical procedure for the detection 
of Rabon in poultry manure was developed. Rabon residues in 
egg yolks and body tissues were analyzed according to the 
procedure described by Ivey et al. (1968, 1969). Satis¬ 
factory recoveries from spiked samples of body tissues, 
egg yolks and manure were made. 
Toxicity studies v;ere carried out by prolonged feeding 
of a massive dosage (800 ppm.) for a treatment period of 
90 days. On termination of treatment the results were 
evaluated by a general gross autopsy, total and differential 
blood counts and detailed studies on the quality of eggs were 
carried out. Body tissues and egg yolks were analyzed for 
residues of Rabon. 
From these studies on the toxicity and residues of 
encapsulated Rabon in poultry, the following conclusions may 
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be drawn: 
1. Feed consumption in general varied between the treat¬ 
ments and the individual birds in each of the formulations 
tested and there was no rejection of the treated mash. 
2. Water consumption, similarly showed fluctuations 
between individual birds and treatments. With some formula¬ 
tions, a decrease in water consumption was recorded with 
increase in dosage. 
3. Body weight seemed to vary with individual birds 
and treatments and this was more or less correlated with 
feed intake. No loss of body weight in the treated birds 
can be attributed to the insecticide treatment as some of 
the treated birds increased in body weight at a higher rate 
than the control birds. 
1|. Production of manure was normal in weight and con¬ 
sistency except in some White Leghorn hens infected with a 
Herpes virus. 
5* No significant inhibition of egg production was 
recorded in all groups of birds except the group infected 
with a virus and there was no significant difference in the 
oviposition of most of the control and treated birds. 
6. No mortality, adverse effect on general appearance 
or behavior of the hens was noted under the conditions of the 
present experiments. 
7. Encapsulated Rabon produced very little or no 
toxicity to hens when fed at 800 ppm. for a 90-day treatment 
106 
period. The quality of eggs was normal with regard to weight, 
shell thickness and albumin heights and no abnormal physio¬ 
logical effects were observed. 
8. No detectable residues of Rabon were present in any 
body tissues or egg yolks of birds fed ij.00 ppm. or lower 
dosages of any of the three formulations tested. 
9. Very low levels of residue were recovered in body 
tissues and egg yolks from all birds treated at 800 ppm. 
except the Rhode Island red hens. Eggs of Rhode Island red 
hens at 800 ppm. showed no detectable amounts of residue. 
10. Any of the minute amounts of residue found in body 
tissues of the treated birds were concentrated primarily in 
the fatty tissue. 
11. Most of the residues are eliminated from the body 
or metabolized shortly after treatment and most samples 
analyzed two days after termination of treatment showed no 
detectable residues. 
12. Most of the residues from the feeding of encapsulated 
Rabon are eliminated through the manure and high quantities 
of residue were quite consistently detected in manure from 
Rabon-fed hens. 
13. Differences between formulations is evident from 
the feeding of G0% encapsulated Rabon which in Rhode Island 
red hens produced lesser amounts of residues than 93^ en¬ 
capsulated Rabon at the same dosage. 
14. Further studies on the long-range toxicity and fly 
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control in manure with encapsulated Rabon should be conducted 
and practical field experiments should follow up the results 
to correlate the findings reported in the present experiments 
which were carried out on an experimental scale in the labora¬ 
tory. 
108 
Anderson, 
1966 
Anderson, 
1968 
Anderson, 
1968 
Anonymous 
1967 
1958 
Asquith, D 
1970 
Bailey, D. 
1968 
Balsbaugh, 
1970 
Beroza, M. 
1966 
REFERENCES CITED 
L.D. and E. L. Atkins 
1965 research on the effects of pesticides on 
honeybees. 
Amer. Bee. J. 106(6) : 206-8. 
L.D., E.L. Atkins, F.E. Todd and M.D. Levin 
Research on the effect of pesticides on 
honeybees, 1966-67. 
Amer. Bee. J. 108(7): 277-79. 
L.D. and H. Nakakihara 
Toxicity of pesticides to corn earworm on 
sweet corn in Southern California, 1962-67. 
J. Econ. Entomol. 6l(6): 1477-82. 
Summary of basic data for technical Rabon 
insecticide. 
Shell Chemical Company Tech. Bull. ACD: 67-111. 
Coming: Oral insecticides for dairy cattle. 
U.S.D.A. Agr. Res. 17(6): 7. 
Codling moth, red banded leaf roller, apple 
aphid, European red mite and two spotted spider 
mite control on apple trees. 
J. Econ. Entomol. 63(1): 181-85. 
., D.W. Meifert and P.M. Bishop 
Control of house flies in poultry houses with 
larvicides. 
Fla. Entomologist 5l(2): 107-11. 
E.U., G.A. Alleman, B.H. Kantack and W. Berndt 
Aerial application of ULV organic phosphate 
insecticides for controlling livestock insect 
pe s t s . 
J. Econ. Entomol. 63(2): 5^8-51. 
and M.C. Bowman 
Gas chromatographic determination of compound 
4072 and Shell SD-8447 "by electron capture and 
flame photometric detection. 
J. Agr. and Food Chem. 14(6): 625-27. 
109 
Boulanger, 
1965 
Brady, U.E 
1966 
Brady, U.E 
1966 
Bry, R.E., 
1969 
Buffam, P. 
1969 
Burns, E.C 
1959 
Chalfant, 
1969 
Claborn, H 
1965 
Gas chromatography of pesticide residues 
containing phosphorus or sulfur with the flame 
photometric detector. 
Environ. Sci. and Tech. 2: 450-57. 
L.W. 
Integrated and chemical control of the oyster 
shell scale in Maine. 
J. Econ. Entomol. 58(14-) : 672-714-. 
and G.C. LaBrecque 
Larvicides for the control of house flies in 
poultry houses. 
J. Econ. Entomol. 59(6): 1521. 
, D.W. Meifert and G.C. LaBrecque 
Residual sprays for the control of house flies 
in field tests. 
J. Econ. Entomol. 59(6): 1522-23. 
J.H. Lang and N.M. Dennis 
Gardona as a mothproofer of woolen fabric. 
J. Econ. Entomol. 62(4): 868-72. 
W.F. Flake and C.J. Germain 
Laboratory insecticide tests against the fall 
webworm. 
J. Econ. Entomol. 62(3): 565-66. 
, B.A. Tower, F.L. Bonnen and H.C. Austin 
Feeding Polybor 3 for fly control under caged 
layers. 
J. Econ. Entomol. 52(3): 446-48. 
Toxicity of insecticides against two looper 
species, Pseudoplusia includens and Trichoplusia 
ni in the laboratory. 
J. Econ. Entomol. 62(6): 1443~44* 
V. and M.C. Ivey 
Determination of 2-Chloro-l-(2,4-Dichlorophenyl) 
vinyl diethyl phosphate and 2,2,,4'“ 
trichloroacetophenone in animal tissues and 
milk. . 
J. Agr. and Food Chem. 13(4): 354~56. 
110 
Cox, J.A. 
1966 Toxicity of insecticide residues on grape 
foliage to the red banded leaf roller. 
J. Econ. Entomol. 59(2): 318-22. 
Dennis, S. 
1969 The toxicity of droppings from Rabon-fed 
poultry to larvae of the little house fly, 
Fannia canicularis (L.). 
M.S. Thesis, University of Massachusetts, 
Amherst, pp. J4.I. 
Doanne, C.C. 
1966 Field tests with newer materials against the 
gypsy moth. 
J. Econ. Entomol. 59(3): 618-20. 
Dominick, C.B. 
1968 
Dorough, H.W. 
1961 
Evaluation of experimental insecticides for 
control of hornworms on tobacco. 
J. Econ. Entomol. 6l(2): 1;83-81;. 
and 33.W. Arthur 
Toxicity of several organophosphates admin¬ 
istered in the diet of broilers to house fly 
larvae in feces. 
J. Econ. Entomol. 54-(6): 1117-21. 
Dorsey, C.K. 
1966 Spring and fall applications of insecticides 
for alfalfa weevil control 1963-61;. 
J. Econ. Entomol. 59(3)J 735-37. 
Drummond, R.O. 
1967 Further evaluation of animal systemic in¬ 
secticides -1966. 
J. Econ. Entomol. 60(3): 733“37. 
1968 Further evaluation of animal systemic in¬ 
secticides -1967 . 
J. Econ. Entomol. 61(5): 1261-61;. 
Drummond, R.O 
1967 
, S.E. Ernst, J.L. Trevino and O.H. Graham 
Control of larvae of the screw worm in cattle 
with insecticidal sprays. 
J. Econ. Entomol. 60(1): 199-200. 
Ill 
1968 Insecticides for control of the cattle tick and 
the Southern cattle tick on cattle. 
J. Econ. Entomol. 61(2): 467-70. 
Drummond, R.O., T.M. Whetstone and S.E. Ernst 
1967a Insecticidal control of the ear tick in ears 
of cattle. 
J. Econ. Entomol. 60(4): 1021-24. 
1967b Control of the house fly and horn fly in manure 
of insecticide-fed cattle. 
J. Econ. Entomol. 60(5): 1306-7. 
1967c Control of the lone star tick on cattle. 
J. Econ. Entomol. 60(6): 1735-38. 
Eversole, J.W., J.H. Lilly and F.R. Shaw 
1965a Comparative effectiveness and persistence 
of certain insecticides in poultry droppings 
against larvae of the little house fly. 
J. Econ. Entomol. 58(4)* 704-9. 
1965b Toxicity of droppings from Coumaphos-fed hens 
to little house fly larvae. 
J. Econ. Entomol. 58(4): 709-10. 
Furman, D.P. and D. Lee 
1969 Experimental control of the Northern fowl 
mite. 
J. Econ. Entomol. 62(5): 1246. 
Grigarick, 
1965 
A. and G.W. Beards 
Ovipositional habits of the 
in California as related to 
evaluation of seed treatments. 
J. Econ. Entomol. 58(6): 1053-56. 
rice water weevil 
a greenhouse 
Gunther, F.A. 
1962 Instrumentation 
determination. 
Adv. Pest Cont. 
in pesticide residue 
Res. 5:191-313. 
1966 Advances in analytical detection of pesticides, 
in ’’Scientific aspects of Pest Control.” Publ. 
1402. 
Nat. Acad. Sci. pp. 276-302. 
112 
Hansens, E.J., H.J. Benezet and E.S. Evans 
1967 House fly control and insecticide resistance 
with continued use of Diazinon, Ronnel and 
Dimethoate. 
J. Econ. Entomol. 60(4): 1057-64. 
Hansens, E.J., E.S. Evans and D.B. Shibles 
1968 Tests of Bromophos for house fly control in 
New Jersey. 
J. Econ. Entomol. 61(3): 833-36. 
Harding, J.A., G.W. Lovely and R.C. Dyar 
1968 Field tests of chemicals for control of the 
European corn borer. 
J. Econ. Entomol. 61(5): 1427-30* 
Herrick, R.B., M. Sherman and T.R. Batra 
1967 The effect of the chemosterilant Apholate on 
the reproductive performance of leghorn hens. 
Poultry Sci. 46(5): 1045-50. 
Hoffman, R.A. and B.F. Hogan 
1967 Control of chicken body, shaft and wing lice 
on laying hens by self-treatment with in¬ 
secticide dusts and granules. 
J. Econ. Entomol. 60(6): 1703-5* 
Ivey, M.C., H.V. Claborn and B. Brinkman 
1967 Methods for residues of Zytron, 0-2,4- 
dichlorophenyl 0-methyl isopropylphosphor- 
amidothioate in chicken tissues and eggs. 
J.A. 0.A. C. 50(3): 634-37. 
Ivey, M.C., R.A. Hoffman and H.V. Claborn 
1968 Residues of Gardona in body tissues of cattle 
sprayed to control Hypoderma spp. 
J. Econ. Entomol. 6l(6): 1647-48* 
Ivey, M.C., R.A. Hoffman, H.V. Claborn and B.F. Hogan 
1969 Residues of Gardona in body tissues and eggs 
of laying hens exposed to treated litter and 
dust boxes for control of external arthropod 
parasites. 
J. Econ. Entomol. 62(5): 1003-5- 
Judge, F.D. 
1969 Preliminary screening of candidate molluscicide 
J. Econ. Entomol. 62(6): 1393-97* 
113 
Judge, F.D., F.L. McEwen and H.B. Rinick 
1970 Testing candidate insecticides on beans and 
alfalfa for control of Mexican bean beetle, 
potato leafhopper and plant bugs in New York 
state. 
J. Econ. Entomol. 63(1): 58-62. 
Karael, A.M. and S.H. Mitri 
1970 Laboratory evaluation of different insecticide 
treatments in 1967 and 1968 for control of 
Spodoptera littoralis (Boisduval) larvae in 
the U.A.R. 
J. Econ. Entomol. 63(2): 609-13* 
Khan, M.A. 
1963 Toxicity of Apholate to cattle. 
Canad. J. Comp. Med. Vet. Sci. 27(10): 233-36. 
Khan, M.A., T. Kramer and R.J. Avery 
1961 Organophosphate poisoning in cattle with 
particular reference to Co-ral. 
Canad. Vet. J. 2(6): 207-11. 
Klosternmeyer, E.C. 
1968 Biology of the corn earworm and control with 
insecticides and virus in Washington. 
J. Econ. Entomol. 6l(4): 1020-23* 
Kraemer, P. 
1959 Relative efficacy of several materials for 
control of poultry ectoparasites. 
J. Econ. Entomol. 52(6): 1195-99. 
LaBrecque, G.C., H.G. Wilson, U.E. Brady and J.B. Gahan 
1967 Screening tests of contact sprays for control 
of adult house flies. 
J. Econ. Entomol. 60(3): 760-62. 
Lemon, R.W. 
1967 Laboratory evaluation of some additional 
organophosphorus insecticides against stored 
product beetles. 
J. Stored Prod. Res. 3(4): 283-87. 
Loomis, E.C., A.S. Deal and W.R. Bowen 
1968 The relative effectiveness of Coumaphos as a 
poultry feed additive to control synanthropic 
fly larvae in manure. 
J. Econ. Entomol. 6l(4): 904-8. 
Mathis, W. 
1965 
1958 
McMillian, 
1968 
Mistric, W 
1970 
Mitri, S.H 
1970 
Morgan, N. 
1967 
Morgan, N. 
1966 
Mount, G.A 
1967 
Nelson, C. 
1969 
0'Brien, 
I960 
114 
and H.F. Schoof 
Studies on house fly control. 
J. Econ. Entomol. 58(2): 291-93* 
Chemical control of house flies in dairy barns 
and chicken ranches. 
J. Econ. Entomol. 61(4): 1071-73* 
W.W., J.R. Young, B.R. Wiseman and A.N. Sparks 
Arrestant feeding stimulant as an additive to 
Shell SD—82+i4.7 for control of corn earworm 
larvae in sweet corn. 
J. Econ. Entomol. 6l(3): 61+2—1|1(.. 
.J. and F.D. Smith 
Organophosphorus and carbamate insecticides 
as substitutes for DDT in controlling the 
tobacco flea beetle in flue cured tobacco. 
J. Econ. Entomol. 63(2): 509-11. 
. and A.M. Kamel 
The ovicidal effect of certain newer in¬ 
secticides on Spodoptera. littoralis egg masses. 
J. Econ. Entomol. 63 (2 ): 676-78 *' 
0. 
Control of horn flies by an electrochemical 
device. 
J. Econ. Entomol. 60(3): 750-52. 
0. and R.R. Blume 
Laboratory technique for evaluating and 
detecting horn fly populations that are 
susceptible or tolerant to four insecticides 
using a modified WHO kit. 
J. Econ. Entomol. 59(3): 749-50. 
., J.B. Gahan and C.S. Lofgren 
Laboratory tests with promising insecticides 
for control of adult and larval house flies. 
J. Econ. Entomol. 60(3): 760-62. 
B., E.L. Bramhall, W.V. Miller and H.G. Simkover 
Control of the Northern fowl mite on laying 
hens with Shell SD-8447* 
J. Econ. Entomol. 62(1): 47-9* 
Toxic phosphorus esters 
Academic Press, N.Y. and London. 434 PP* 
H5 
Oehler, D.D 
1969 
Ota, A.K. 
1969 
Rabb, R. L. 
1964 
Reed, D.K., 
1967 
Rogoff, W.M 
1968 
Seawright, 
1968 
Sherman, M. 
1969 
Sherman, M. 
1966 
Sherman, M. 
1967a 
. , J.L. Eschle, J.A. Miller, H.V. Claborn and M.C. Ivey 
Residues in milk from ultra low volume sprays 
of Malathion, Methoxychlor, Coumaphos, Ronnel 
or Gardona for control of the horn fly. 
J. Econ. Entomol. 62(6): ll|8l-83* 
Control of Platynota sultana, a torticid leaf 
roller in greenhouses. 
J. Econ. Entomol. 62(6): 1279-82. 
and F.E. Guthrie 
Resistance of tobacco hornworms to certain 
insecticides in North Carolina. 
J. Econ. Entomol. 57(6): 995-96. 
C.R. Crittenden and D.J. Lyon 
Acaricides screened against two rust mites of 
citrus. 
J. Econ. Entomol. 60(3): 668-71* 
. , A.R. Roth, C-.H. Gretz, W.S. Bigley and R. Orchard 
Evaluation of Shell SD-8UI1.7, 3D-841j.8 and SD-81+36 
as candidate systemic insecticides for control 
of the common and Northern cattle grubs. 
J. Econ. Entomol. 6l(2): lj.87-90. 
J.A. and T.R. Atkins 
Dust stations for control of the face fly in 
South Carolina. 
J. Econ. Entomol. 61(2): 50lp—5• 
, M.T.Y. Chang and R.B. Herrick 
Fly control, chronic toxicity and residues from 
feeding propyl Thiopyrophosphate to laying 
hens. 
J. Econ. Entomol. 62(6): II4.9Ip-99. 
, and R.B. Herrick 
Acute and sub-acute toxicity of Apholate to 
the chick and Japanese quail. 
Toxicol. Appl. Pharmacol. 9: 272-92. 
, R.B. Herrick, M.T.Y. Chang and J.J. Menn 
Comparative toxicity of Imidan and homologs 
containing asymmetrical esters to the chick, 
rat and the house fly. 
J. Med. Entomol. Ip([|.): l\-51-55* 
116 
Sherman, M. 
1967b 
Sherman, M. 
1963 
R 
Sherman, M. 
1967 
Sherman, M. 
1959 
19® 
Sherman, M. 
1960b 
l9oia 
l9^ib 
Sherman, M. 
1964 
, R.B. Herrick, E. Ross and M.T.Y. Chang 
Further studies on the acute and sub-acute 
toxicity of insecticides to chicks. 
Toxicol. Appl. Pharmacol. 11: 49-67. 
and G.H. Komatsu 
Maggot development from chickens fed 
organophosphorus insecticide treated rations. 
J. Econ. Entomol. 56(6): 847-50* 
Toxicity to fly larvae of droppings from chicks 
reared on insecticide treated feed. 
J. Econ. Entomol. 58(2): 203-6. 
, G.H. Komatsu and J. Ikeda 
Larvicidal activity to flies of manure from 
chicks administered insecticide treated feed. 
J. Econ. Entomol. 60(5) : 1395-1403* 
, and E. Ross 
Toxicity to house fly larvae of insecticides 
administered as single oral dosages to chicks. 
J. Econ. Entomol. 52(4): 719-23* 
Toxicity to house fly larvae of droppings from 
chickens fed insecticide treated rations. 
J. Econ. Entomol. 53(3): 429-32. 
, and E. Ross 
Toxicity of house fly larvae of droppings 
from chicks given Dipterex treated water. 
J. Econ. Entomol. 53(6): 1066-70. 
Toxicity to house fly larvae of droppings 
from chicks administered insecticides in 
feed, water and as single oral dosages. 
J. Econ. Entomol. 54(3): 573-78. 
Acute and sub-acute toxicity of insecticides 
to chicks. 
Toxicol. Appl. Pharmacol. 3: 521-33* 
, E. Ross and M.T.Y. Chang 
Acute and sub-acute toxicity of several 
organophosphorus insecticides to chicks. 
Toxicol. Appl. Pharmacol. 6: 147-53* 
117 
K5 
Sherman, M. 
1962 
Sherman, M. 
1963 
Sherman, K. 
1968 
Shorey, H.H 
1967 
Simco, J.S. 
1966 
Steel, R.G. 
I960 
Strong, R.G 
1970 
Strong, R.G 
1965 
19^8 
Acute and sub-acute toxicity of several 
insecticides to chicks. 
Toxicol. Appl. Pharmacol. 7: 606-8. 
, E. Ross and G.H. Komatsu 
Differential susceptibility of maggots of 
several species to droppings from chickens 
fed insecticide treated rations. 
J. Econ. Entomol. 55(6): 990-93* 
, E. Ross, F.P. Sanchez and M.T.Y. Chang 
Chronic toxicity of Dimethoate to hens. 
J. Econ. Entomol. 56(1): 10-15. 
, G.H. Takei, R.B. Herrick and E. Ross 
Chronic toxicity to laying hens and degradation 
of Bayer 18779. 
Poultry Sci. 1;7(2): 61|5“51+* 
., A.S. Deal, R.L. Hale and M.J. Snyder 
Control of the potato tubeworm with 
Phosphamidon in Southern California. 
J. Econ. Entomol. 60(3): 892-93* 
and J.L. Lancaster 
Field tests to determine the effectiveness 
of Coumaphos as a feed additive to control 
house fly larvae under caged layers. 
J. Econ. Entomol. 59(3)• 671-72. 
D. and J.H. Torrie 
Principles and procedures of statistics. 
McGraw-Hill, New York. pp. Ip8l. 
Relative susceptibility of confused and red 
flour beetles to 12 organophosphorus insecticides 
with notes on the adequacy of the method. 
J. Econ. Entomol. 63(1): 258-63. 
. and D.E. Sbur 
Evaluation of insecticides as protectant 
against pests of stored grain and seeds II. 
J. Econ. Entomol. 58(1): 18-22. 
Evaluation of insecticides for control of 
stored product insects. 
J. Econ. Entomol. 61(1;): 103U-—U-l - 
118 
Tappan, W.B. 
. 1965 
. 1 
, • 
Insecticides for tobacco flea beetle control 
on cigar wrapper tobacco. 
J. Econ. Entomol. 58(4)• 732-32. 
Thurston, R. 
1965 Effect of insecticides on the green peach 
aphid, Myzus persicae (Sulzer) infesting 
burley tobacco. 
J. Econ. Entomol. 58(8): 1127-30. 
Treece, R.E. 
1961). Evaluation of some chemicals as feed additives 
to control face fly larvae. 
J. Econ. Entomol. 57(6): 962-63. 
Waites, R.E. and D.H. Habeck 
1968 Evaluation of insecticides for control of the 
pickleworm on summer squash. 
J. Econ. Entomol. 61(4): 1097-99. 
Whetstone, R.R., D.D. Phillip, Y.P. Sun, P.L. Ward, Jr. and 
1966 
T.E. Schellenberger 
2-Chloro-l-(2,4i5“trichlorophenyl) vinyl 
Dimethyl phosphate, a new insecticide with 
low toxicity to mammals. 
J. Agr. and Food Chem. lip(4-) * 352-56. 
Wilson, B.H. 
1968 Toxicity of several insecticides against adult 
striped horse flies in laboratory tests. 
J. Econ. Entomol. 61(6): 1764-65. 
Wood, G.W. 
1966 Life history and control of case bearer, 
Chlamisus cribipennis (LeConte)(Coleoptera; 
Chrysomelidae). 
J. Econ. Entomol. 59(4): 823-25. 
Yadava, C.P.S. 
1969 An investigation of the toxicology and residues 
of Rabon in poultry. 
Ph.D. dissertation, University of Massachusetts, 
Amherst, pp. 63. 
Young, J.R. and M.C. Bowman 
1966 Evaluation of Shell SD-8447 for control of two 
sweet corn insects. 
J. Econ. Entomol. 59(1): 170-73* 
ABSTRACT 
Toxicity and Residues of Encapsulated Rabon In Poultry (July 1970) 
$• Salman Wasti, M.S., University of Hawaii 
Directed by? Dr# Frank R. Shaw 
Three formulations of encapsulated Rabon [2-Chloro-1 - (2,4,5-trichloro- 
phenyl) vinyl dimethyl phosphate] were fed mixed with poultry mash to five 
groups of birds in dosages varying from SO ppm. to 800 ppm. for 14-day 
treatment periods. The feed intake, water consumption, egg production, 
fluctuation In body weights, weight of manure, general appearance and 
behavior of the hens were recorded during the treatment period. Gas chroma¬ 
tographic determination of Rabon residues in body tissues, egg yolks and 
manure were carried out. Rabon residues in egg yolks and body tissues 
were analysed according to the procedure described by fvey et al. (1968, 
1969). In order to determine residues In manure it was necessary to modify 
the procedure for detection of residues in egg yolks. Satisfactory recoveries 
from 'spiked* samples of body tissues, egg yolks and manure were recorded. 
Toxicity studies were carried out by prolonged feeding of a massive 
dosage (800 ppm.) for a treatment period of 90 days. On termination of 
treatment, the results were evaluated by a general gross autopsy, and total 
and differential blood counts. Detailed studies on the quality of eggs were 
carried out by determination of weight, shell thickness and albumin heights. 
Body tissues and egg yolks were analyzed for residues of Rabon. 
Encapsulated Rabon produced little or no toxicity to the ehens even 
when fed continuously for 90 days. Ho mortality, adverse effects on 
general appearance and behavior of the hens or inhibition of physiological 
•i 
activity was noted* Feed intake* water consumption, body weights, egg 
production and weights of manure varied with individual birds and de¬ 
creases 41 any,wera not attributable to the insecticide treatment* 
No detectable residues of Rabon were present In any body tissue 
or egg yolk of birds fed 400 ppm. or lower dosages. In any of the three 
formulations tested* Very low levels of residue were recorded from ail 
birds fad 800 ppm* Most of the residues recovered were concentrated 
primarily In the fatty tissues and residues are eliminated from the body 
after termination of treatment* 
Most of the residues from the feeding of encapsulated Rabon are 
ii 
eliminated through the manure and high quantities of residue were con- 
■ ? 
sistently detected in manure of Rabon fad bans* 

